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Boh q41d & AMHA 21T IR AT A zeal a7 fawiea F ered €1 39 1t Rl ava € 6 MFN2 Iaafeadt &1 sufefs
FIfAHTN BT qema F Ufd Tagaele FaTd! €, 39 UHR AcleR W Bl THERIAS B I T Hd 1

yfOsier ATgEIhifegde WIEH UIHTU] S| Tshlss Eld ¢ 3R B¢ HIgeihiegdl H HRaidiydds SIaTd & bl
TITRAT BT &1 & TRHTU] Yeah 138 HIGIB1gdct UIEH g9 3iiaet & fafis 3u-fEeat # f22a orest aug & sidxes
ZITcTp T FRITERT 3 AT F HTgeldifegdl # TATd BT SI1d | ATgeIblegdel HIeid 3aTd # iy fafea wrea Ieit
(3 Tevra-sreifaaT fEgm, Efetea I0T) I S 81 gaft Aredieieead WiEk SmaTd ATeeieiiegad Ht & fag
I &, T Ufehar # Gl & foie Aefer ufaforarsit & a1 # agd &5 SIEdn ¢ | S1aTd da1d HIeeibiegde 3gd
TSI & Ta BT BT 9T TebdlT & | T8 IRETTH Tafeqamer o1 Tiosg ¥, fSehT fIwetar TaeTeiss i #1 3R
o ST B

FEGRITA St
AR M H Her A &1 SUADT Fvd g8 Mgt 3fR HHm Tiresl, gar-aferd Wi afik amorfde wefii w v
3o % T et Stfdes ToTferd Bl v, o1 3fiv Tfaeiierdr &1 THSwT A &1 adame § STeRiUTe Tfdfafe AeeReba
FaieH AT/ SToTfdd AT RIeee BT IULTT Feh ToTgH ISROT 3R FrRLIA TsiTgH fETga 1 Scaf B Terel
&Y o & 3o €1 Heere & Aiebel Rgeie % ugeld & e ues [G9w dwgfé gfdur wnfuq ofv sreefed &1 s
TR &, S Sifee S Tearait BT seaae B & feT sraeded ¢ g sidfeted Hifde fAgidl 3k 396 Jeriw=a IR0 %
gt gfaferar 7nt & wwee & g U safus gere FHEm Se-HerdesTgd & sfid & % ¢

Tefed s foamer

ufdad! T ST HT T R-URURE w0 & STei 392 3R 3M1SeYe FI Th-0-TF Afeda deies 3 77 foar Strar
%1 Tl Siifdq Biferersit ¥ ufdad! ad gr &1 ueela w8t fosar 1 21 78, e Tt §. Fars wifersre § ue
Rafew snedfere ufdad! Sade e &1 fmior fean, st gaqe-3mseye Wett &1 TF Fwled AErer § #7197 12|
TYe 9Tel WA 4, 3R aMeeye 3t ufadiE e &) g Afhe B savad sl F uwsd & AT vE W
ot Higet 3fiv oo fGaiEd fear it uahmaes w0 3 uefia fbar & wihe 1 @aer srgrifafa sie
R a7l g9 T SRAAR Bl e Tl T Tfterebre o, STgf deifvar & geye SRt &Y T 6y
¢ 31 FeT BRI B HTeAH F TR 1 18| fHafes araters & Rafdee aifsies B geard =8 €, 3fk 78
2 g8 T Fe-z-a gaqe-anseye A, T Rafdew safes fGwew § A, sreifee, Joger dufar sk
AT araiarst # Tftadsera & wed & |

T PO dBPT dead (TCARE) BT Aol TAURVIT Bl NPieid BaT iR TIPTHE BT o Fgodad, -
AeetifaaT, Tepiter, fewife, agdieas st sih ufdadt dswfer S sifea saRadaa dufer @ & fag
3TOTIe gofifaer SaIRAT & |12 T ATUF % o AP Thel URd CGAGH UHR JRqahell Bl UgeH fobar| Thadie il
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Wpefcbel 31 | Ufdad] ST Bl Uge! IR Siifad bifereplal & Ha UaPeTs BU  «F] a1 72T 27| g9 el
fearex gamg, St SRR § HHm =RI-Racy & w0 § oW B 3, e 39aqe ymEfae dadl B e U A
TS 2T 7T o1 3R TR TIEE STSeye &1 IcTed & & foig T TR-YEia Wihaor v & ATeas J
rfe fosar s aT1 gHR Fatad T & foe a8 gelifer HIfIBei & q1e TCau UBR bl aRgHdl b1 Ugdl
P &1 AeeR ST, Rafdae dwgfer iy shifgq wiferersit &1 Tuaga-wam gdaR & »U & e & e
T T H RATUd Bt F 3 T T Heed & FebaT 81

iii. P I B 9 AdfID fadRd HRET BT Teb STIUART UK (94T, STl Th STieel Brgeledel THIT Bl U Siee
T difetesr W A9 f3am 17 o7 3fie fafier et enardt & i fafd Twet sedfe Afthe o1 IugnT Bve Bl fbar
T | YT etaT G R gt et STfvid 3fi degfest & el yol wHae §1 T8, T4 4-3IYe-4-3M3eYe HA
AT TR 2 X 2 O T & T gaqe-3T8eqe e 1 77 57| 374 B8 Hedl-gaye [Hafed satce
3fR Sz 99T, ST BT W IMEET F A9 faaka By e o U € uvd | Hafedd g8l TR UUNE! of F FHaet
eI Bl RSt & gt fobaT, afces g wot a0 3fiR srrgersl wowamsit Y Tt +ff s | Aer Morer sk
e sfa faema & 53 & B Hac &1 Hebdl ¢

It fare i A= defiebr

T AETHAS BT o T8 &1 &1 H AeATd SMBR-TolaR dameRaes (SR, Betl & MHR BT AUNPS0 ¥ faeter &
T a1 Bt F SMER BT AUNP75 ¥ S1fds-f&ea arel AuNP150) 3R SiaR STeTSI-WIHT W@ &1 Seiagidbelalied
Tfafafer & sremsT-<iiT ofiv St % IMBR B fHHT B T BRI 1 BRGNS g ReRE (HER) & fag
AT FATR-ATeE Meg FdRgaaR | It TealSa rfaiigifues wie & deiewvil 3 9w w0 T AUNP75 I
ifdes ATt & W= MATER MR & T & Aeiwvil B goten # fafis dreg @fEar § HER $I 3R IFE ISRE
fafafee &1 vgele #d &1 g st S areee (ARIergy 2) & URfHe =R % ffere uar v sfi w6 &1 sevra
% foie gAR 9u R T T8 genT wg-iie (FEm) -usi ddnre (ReR) 9ead &1 W-3died ovd gaagie el
AT F WU H TH HUA A adbiepie et a1 7 ¢l b S ARierey & aend Fol & 99 Feadrers
THTIAT & ITISIg, & T 3AfEd Udfedd DENV-2 &I 9aT o' Thd &, [ w0 & griifedfes aaeie & amaq 4
gl IR g1 IR-UTgHfed AiaTaiblelic U &1 AT Bk | T LT bl I IUeiied S HebfHd &b | foea)
TSITEH a7 CERTS! I WeradT & fodT DENV-2 IRIZET BT Uel UdT ohT &I &Hal 3 feifed ¢l
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g &t

AT &

TATSHT, FTeH ATTERT 3fR TRATU] Wag e Y, AT TRUT 3119 g, YerTo] ifdeh!, Ziéat o1t Iare ue
HiTdehT, Tgd 3T Jeoll AMHT-X TS [T, fafamoT fedaes, Faums - THIRTT 3R SIYUACd H SR-E T Gedrs

THE I I ATGEAT eV & TeV 61 U fGxgd o1t 37 # oot W61 &1 UG THATERUT vt ofy fafis srsa
3% AW @R Fal H fhe oI 9 €| g & U STUTe & Bl AuTeeR afigsd fosar T wehar €

» ol UeR & et # s uReeHnsit w1 sreme

»  FIeH SHTfERT 3fiR TRHTI] e e

»  TRIHATCHS TROM, HIIITHD SIu1 3R 39 [Tt &1 sTiw

» @RS MR geATu] HfdehT

= TeV it G 4R fifqesr

P 3TeTTaT, WHE 31 AT Gawnsit & wrrer sfie 3uanT % e fSHgr €
= YT URATO] FhiTet sitfae! H e & fore i (%)
SR fFTd faRTe TEeTRITeT

oitey wifafaferar

fafva TBR & T A -YE gt BT aeaae

i wew 1 qoit site sfEeanst & wefud fe-vag veanit w dgifde sreaae e o7 % € s e § safed 8 g
AR BIESISIHE THIBEUN & i |, Aeldd oA YHTal & U1 bl ST & 3690 A Th IAeglbleg ggal TToH]
(Fuerd) # Fifcroed 39 99 & TR st &7 sreaae faar ST €1 ¥ 9151 Aeid b IufAfd H, FoleR Hemeid-
Tefaerfaett THIRUT & TS Aed & B1d & NHUR TR Tohdl & AT WHHTE] & bl BT oIl Bed &1 I=F Mg
TARRLREE TETT qOT TR Bl Th 212 31ER Aqaigiaer SalegRld THieel gRT dar foar a1 & SRyt fasarsor fafia
ATTATS R qelh] BT IUTNT I {ohaT STdT &1

FaieH 3TTfeaT SiiR UeATY] Wagiwm

8 wfafam wameit & foe Hd-sifera 20 (THeid) & fore festmee sfik diewEr

B T Bl A H W gY, e THRMSTe # Rt wewvpst % faw fier-sfifeme ¢ (THaiY) B Fieter qa e
Teotrear wee o7 we far §1 a1 TR #, ©g siit- Wil woi 91T & faudia Belieis Ydiweur &7 Taiere oy gir-
TTEIegsT JabIT & F FRT Iofl 9l o frera I FRafq w o got gy € it weTupsit &1 g 1 3iie udser 3, oo
offdeter 31l U SITQT | T w21 3R I vl et § Rb UATu[sit &1 T Wifg | 3fad: UeATY] Wi~ biead Soft # agd oA
ST ATIHT UTH 33T | BHel JeRH Ut & AT TR J7aR Bl Iiaet wed & ¥ TeoTiger &1 qur &6 fotan § sfiv smaeas o
HIee Afete UTH Fe & g Ter-2eeioest Biget & ATUSE! & fauifed fsar &1 adwre # wHsiicl ®et dua gore siifemd aat
TR R &, 281 30T 40 @ 1aT 74T § 3R 87l 2 x 1078 THaR &1 URHE gaTd el 1T g
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TS TRUTT, TRATeHE SISt 3fIR IeTahp fIepry &y <7

Nd-doped HfO, & foheat TaaT 3ot

21 g iR faiifefien (Taeh) S wauwsit 2 & 5, 7, 3R 10% &1 G2t Wigar & oy forweat deaen uit &1 smeaa= 181
TACE S BT IYADT S TRATY] UHT & THg-3ide faga Hoi Feday (SEdes) 7 & Area & foar @ g a1l
Terar 1 fererifed foeam ST w6 | QoS! TohTIaT & Wy e =awort BT a8 U 74 € 5% T < S Tauka 2 %
o, sfdfeer Tge dT 21/ & w1y A (faeiiads =RoT 3 faRer Wg TRIT 21 & A1 RIS R0 U F ¢ (~ 42%
TAF) | T, 3aRel T Pbem 3R Pbca & T2 3T 377 3iT2iRifTes =RoT ff A0IeT 3ol (~ 8% UA®) & HU H Hisig Ug
ST 81 Sfafier Tg Pca2l & W1 SR-HAGATEE siieRifme ==or & T a2 sl &7 sraciea Teayol § wiife g Hfo2 #
IRgafreiadr & e SieeR 7T <At §1 9@ Hf02 #, 737 B & sfafer ¥g P21/c (- 90-95%) & W1 it
=T 3R 3faRer WE Pbca (= 5-10%) & A1 U sifeiRifees =vor f@R Ut w1 gg Hf02 #, IR-TLRHR®F Pca2l
3Tl TA e =RoT TE} T 74T o, STafes a8 Nd €' Hf02 3 & 3 141 27| uRuTmt o7 fawga faeamor SRt &1 &y § wpft
TDPAC 19 gRT PAC TaTerTeT ¥ =R f2r LaBr3 (Ce) -BaF2 e 310 &1 SUART $edhs g 718 § | Yeaidsfmeg fEdie
F T ¥ fafie Taei-2ie Tauwsit 2 T SR, Bicterar # daw feg e 4

St ZrV2 s & vl sreagd:

Seonefotes Tawed ZrV2 &1 181Hf ST &1 IUANT Fxds 2IgH SheiRiaa Yeas Hioid Jedad (TDPAC) TWagRbBUT gRI
it o1 Ffgd et & g s o weig # GaR far 141 §1 Zrv2 T Heeaqut grggier sraeifid It & fiz Ti, Ni
BTSEIoT SrgeNfue uit # WuR Fe & g Ty e 8| ofen thet (wdt2) foer urg € fSieres uTq Bregesy &t -uHed 9t
BT Foll T F JUR B BT IR 47 747 &1 FH & qIOE TR TOPAC AU LaBr3(Ce)-BaF2 H23q & A1 4R
feear TOPAC WaRIHIER FT IuAPT ek faar 317 €1 URfae UfRoTHT F udT Jerdr ¢ T3 21 sif@ar e W 9R faga &
ST (EFG) F ST g0 IR AT Tk ¢ | TROTHT 7 fage faeareor st 81 weicd wrateres Rigid g storer g g
STWS! & AT JoTell B 3ol IR AT T bl I bl ST Bl SIS

g Teiowit el BT Uitgre =T sTeads

UITIgIe Celeetele TR s TATRITT o WHIE & ded a9 2021-22 & 76 | 37uell sTidfaeal Hf i 3 s faar sfie
3 T ¥ T ST 93 | TS0 NiFe204 # b uer & it &7 fasivar off oiiv Siu foe 7o et & Roetet oit & 3ae
fHeBT BT ST BT ST Hebdl &ff | THT Ul AT A1 <1 GRT Bi & 9@ §Q WA & d8d Ueb AT el [a=am & feig v
T URader 310 3 TR §1 ge Brd #, ST 3fie W e I Fid 6 =1 & 93 ol 377ada St bl rfaefietar, st
I Foll Ffgar Hifaer yaeit # ufaeee wie dwR fEeaest | saagis arnh & w9 7 SuAhT 6 Sd €, 6 S B TS
Fferrad wHATY] SISt & TRY SR 37T B ST & 3R d THT qF 3T e 37X ATSHIh el TeAlie T & ded dodb Higrd & U
ST £

Aoy bt

TG AL 3fR R e Ffawait BT IuhT Fveh @R MUTRT WRATY] ifdeT (S-31 STT WagRep T si ufafosar
ez H STue STfAfafodt o Thadrgdes STl ¥ 3¢ € 31R T el U Uge o UAl o UTH 37iehe! Pl faeetor & % £

THIMETAU TEPTRITEAT, BT, TR H 30N SqeT-2(q YT & ATEAH A Siet Gfeeil & A8 S Y

1967 #, et Uiega 3 Tea "aiet =" ter foban it dheret STy ST SR B ST qTawid b HIAH & AT B
THAT 8| T UBR Al el & AT I TH0T I Icqd TATE! & ATAH I THBT UdT oIITaT ST Tl & | T (2UT95) Uge
TeT feeAT B Uder U7 fGme 1138La(5+) F @R stfgdia fifts deaor & AT p-dagn & wme fdg % Seury v
forimTfar 2t 1€ 1 a1 T faeatuvr BHT-gRY (THF) Wiie % el H foaT 7 § si veutee et ¥ SR U Sfafie
TP TIGABIT Heed & 3% UR ST AT & | Tg el 1 ITae ¢ T dier veansit & waw & sifdfes ves w8 ar-ar vt
H e € 3fR CeuTEe Hell & STRIURT ST 3HR & AT Afdes drebd & fhe Teriier99.7% ToAfasRT I &1 e &
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e &1 IATo], TeATY] 3R gfgat wfifaeht & arreiies | it Tfaa wvifad aameansit w =at 6 S 1 T st St
TSR] ST LAl BT AT & Hebal &1 TAAT 227 faeavor Wfcha-aigr fAeor erqutd & wrey-we 98§97 W HHT vgre
FaTl | TSR STt & Seiet & ae UsT | S o ol Uab o7 gTgatree fobat s1am g1

10000

245 251 257 263 267.68
E, keV) 0.01 01 _ 2 1

&1 1 [AE] 8 Lag@ % foT uTdifiie he wie, [31] Sg gfeaT geame af & S Hedau Jiferer 3fie sigr =gfear fFsor
euTd & e Afeha |

P2 IR-TRAT Bl TS TR WBTRI GT-THG A P i VR TR BTl Tl &

SR-UTHAT 38 TR Al & faerara e & fore SR g1 fihe ff ufohaT qRt aee o 31 @1 ¢ 3fie i Aiee faawor &1
faeaTolt FRel T UATT Fed €| T € U Hisel el dTfeid Uae Hisel & | SR-UfhaT dgarad & detter # =gfee-anfad-
I HiSe & TR, TBRI 2Iq-37e AR AT F1eT 114 & w0 H Teb Heeayol FHe! o T Wehd § it 9gardd ded Bl
TG Hed €1 SHIGT g2 § YR TS & BT Ao Bl ggiq SR v & Toig UTdifiies 327 6 saegesdr gidr 1
Feorifene Sott wR AT sae d BT ot YT FTR Bl FeRIE BT S oI & 8 TH Ifeberet sTere
WRET 21 e fafd & we % foie T Wiefor Ae & wU #,14C F e Fgia R BRI-HaRE (n, ) B GHE
TG Fott (600 MeV) TR 15C & FeTra GFhvT I oBTRT 4T 7| Ufafssar & forg fafim dgifas effwion ok wahmeres
gfeoTHT & S gt R =t B TS B 1 BH Uge! IR 28Na (n, ), 29Na, 29Na (n, ), 30Na, 32Mg (n, ), 33Mg 3iR34Al
(n, ), 35A1 3 P TR BT UTATHTE Ufpar Bl RUTE Bd €1 Ufafhar BT JaRE HI el B9 A 29,30Na, 33Mg
3flR35A1 & Pl JaFHROT F ARAH AGSI, Darmstadt HFRS-LAND ¥ead &7 IUART Fd gE400-430 MeV &
TAYT ©eT TaIe Jsolt U= AT &PIaT T AT| gidl HeaR i Jaee &1 fawgd Tdee UHg & Tgraar I wiel-
AT HIRT e o UTH o 7T 2| fafere siR-ufehar arase W =gia-agsNa, Mg, Al 9 & ot ufdfear g2
T (n, ) HER BRI TR I UTH BT 7T 2ff | Fgia-T73g A1, 28Na, 29Na 3fR34Al B AT 7¢ =gia FoaR ufdafear @
BRR-edE &1 ATsd gRT AT BT ol § FHTHT BF 1 THT a8 BT U Ugel 17C RION & forw Szt 71 ot
AB14C (n,y) 15C F el § vgfa fawdia &1 Rafd a9 siftres sifeat €t & <o Srilelt srawen # ag-%v1-95 fawary €ar g1
32TnSt & oI, AT BT T ERR-therde Siasamoit & gotel § ePnPT40-90% 31fE® &

—105] Ex=0 MeV — | i e

K 29 30 Ex=1.25 MeV - - ~

= i05) Nag,(n,)"Na Ex=1.59 MeV —- | ey

g Total - — e

- T. Rauscher ----

£

2

A

>

=

£

o}

Z< o Idertifisd
B Known hnl-ife

O r-process waiting peint

ot AT <ggre ufdfesan gr 3ik deifde viasarlt ufafear g2 ofik TerTo] uReed # sTR-UfehaT Sgdtad TR destt
R AT &
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ISOLDE, CERN # RIB HfdHT T IUGPT Hed §T Ui {37 TS b I Cs MFHIAY P AT &7 Bl e
I BT BT, Ui a8 Ffaerdd, 115Cs, TRUT-UIT A5 6l SHURT GHT FHT & B gl &/ Hig BT ugell
g srearge fosa %1 faeifea smafera wuit iy feswott &1 uaT @Fee ISOLDE & %™ (IDS), CERN # AU fasam
AT 4TI ATHY 7 faeifed et fUee 7ma F St e Hr A Afsta srawemeit & Iy €1 3.8 MeV H 7.8 MeV d®
AT Foolt YR TeTeT STeTaTSS STaTelt 3 0T 2 eiepeor 3R qrafgae fafer & aman & [Geifaa weis wagd & fibe b
UTH f3Q TG &1 34 Uiele b STaTde sTawTaft &7 AT Sfiae &1 zeptosecond & %7 &1 ¢

5 90% C1

w -=e

FN
o

8.9MeV

w
o

Counts in 40 kev
N
(@)

;'_;—'7

=
Q

e ————————eeee _
Sp Ly
S — 5, GeHTe

) ERALL
4000 6000 800

Proton unbound states of 115Xe

o1 [AT9] fasTdig &ra & diseeE S 1 gerfar €, (762 wdieT 6 el R fmar & af [3rd] gafaior & 918 nsxe &
IATEd Uleie STaISE T3t Bl e 2|

=Jeie: FAIR ¥ R3B & o Ta-Reileger =g 2rsH-3iTh-TrTse WaHiND:

Fcie (Y A-TRaT =g feawm) FAIR (Sevier offe smoe frd & fore gfawm) # R3B (Raifafes Mfeandt € &
wrer ufdfeear) wahT % AT seTelt Tiét &1 =i feearr €1 geig 100 F 1000 MeV T Isit dTel =Jgie BT IdT oIl &,
Sl T =7 UgdI gerd, U 397 w1 3k IHa debew, 3R T 92 ag-=ggie YARAIOT GerdT Bl €1 T8 Prdfesd
Rifteredt % st grgR fesiea gwT uTH fFaT ST 8: 5x5%250 I3 & THR & AT 3000 AfHTd 3T AT 30 ST
et & e 100 39 Aol % AT AaRad g €, it 250x250 THT 2 HT T Wfthd 85 3R 3 Hier BT el Tews g
T §1 ~ 150 e & 9T Thed & T TGAR & BRUT Wb Hebed - Railegera §rHdTait &1 YT Far g1
FeloMfes oi & TN §, TR-ggi geansit F g 50% & 70% HT qg-qia YAHIT ST BTl BT ST, ST
St Uftee ot qafamtor fafer & faQ srqra wm feafaat =t w i wedt €1 51 oo & feeaes % sifaw f2smme & -
[T gYeroT AT 3fR fgeted % ufvom § ot v a8 festrea smnnRa £

NI FeiteR 3R LaBr3 TROM BT ITANT F=d g8 A ~ 20-30 F ARIURT Uielq-I07g AHb H SEIa-
AT Fferare SV B T BT

URHTU] TRl 3fR URATO] Fitet fifaehl &7 Teiigfiat 1 wier & fore ag-wiemra weant # ai&iil # K-130 Jrgawtige &
ST -2 & Tqe -3 7 T I G&TAT Tl dgaTTaril T fecares TR0M WU 1 518 &1 AROM # IRE Hiruea-gaT g3l fautadr
HRT HPGe f22aer 3flv @19 B8 $9 @ LaBr3 (Ce) 2o &id €1 faufaar o vy, e wma | 25 it &l gl W 3
M, e BT TR 2, 40 (3 TEAT), 90 (6 TEAT) 3R 125 (3 TeEAT), &b LaBr3 (Ce) ) feeat &1 aea f&fa & evnwr
30 I BT g W 125(2 TEAT) 3R 40 (1 ITAT) BV TR @7 AT 27| TH FedPil Hey H, THATSRAY, Feire-Sgs-
AeTarR, 3fi TSR, Biererar grT feeaest w1 A Gar s o1) Twol & Fifie Geer, S gd 9 F THansyey,
FIHIT g fetrea sfie fifffa forar srar &, 1 wisger sméwesiie wwela wreer & Taftd fear a7 & aifs Tergdiems (iE)
feeael 3fiv it Y 3ifafos wHear &1 TSI fhar ST Hh | ST AT TH-T VeI &1 TdT ol & foig, e
IR H viieler 3R ST S T SUTT Bk FB =i bl BT 3117 Wield-Tgg A1 B 31aTg fBar §1 adar= #, g7 20P
T 3T P T8 &, ST 28Si+p BT SUGIT e ITETG AT 3SR F 1384 et e Weargt fEmar 7am §1 g2 371 I Braifded 7
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YETE Uge & B 9dTE TE § S WAWT A 20P I IS srawerait A & gy w6l £ gHa wieid defies & HW IAT(Ed 22 BY
3 5T 81 ifeie faroT-faecieoT o« weT 21

TeV St tHrer uR ofifaehr

Bfets wT

TTeT $Rege oferd & g g ¢ Ree & fmior, wewana i s9ae & fae fS8gR §1 LHC & RUN-II & R, | &
T H BTHT gfg gPiTl Pb-Pb 2o # erdferd fOR 2w 50 kHz BRI 3 fermel @ &1 I9Tes & foig, 3o dieet 3fiv
ISIHTIC el BT YIS Fooel BT ITIAHAT ¢ | GER T b FaTSe Pl SI-HHIRIE faaT 7T 27 3R TGoer, 2018 & g9 19 &
TS g TR I AT o7 | R e ¥ TuiE T TG qarge ot wiete wreifie g H T e %% 2

TTeRT & gue 4 2T weerd & feeaesl oI TATIET 3R AT

2021-22 ¥, Tfery % R R % g T | grEdaR Su¥eE &1 B W1 e forar T 81 e s unfie de-amse
T 3PRA-TdaR, 2021 % GRI GRT I a7 2 3iR f2aes Tesra 1 sifam e weaet, 2022 # w1 fbar @ &
F1d & Aed 3R TARY fISTaTar &1 vara # wud g8, S g1 el ammsit o1 43t dwg & e fosaT s1am o | 7 & whg |
e Hed T g

ofe foe & vwoegey & Fafeir & wry Fweail B sifam wemoer [awdk 35 1]
T 3776 FaTEE WhaTaTgad T 18 T 3R 2. 250 Ie3rse U & fofe eamse
AT T BT TRT &l AT ITeT BT ded R g H3ie 2T el & IR dearmse fammi
A w3l @ ¢, Bie fae wwemiuadt SwgR 81 Oy # a8 e
TSI T TheT=T B gRT BT T ¢ 31 79 v F qopelieh! $ BT fobarrfead T 778 [
B Y T 3fR Terdt FafeiT B o Theargde YT e foraT 7T o7 oY 24 TUdr  Sems
et F T 23 F1 1700 9 TF TG ST THAT 2T, ST T TART SR dT 21
TATI & GRI ¥ TASIHTIC TRIET0T THSATSHT 1 gy e T8 2|

3ifam Jz3Tee AAma

T & 37d | &7 8 gl & 3544 H1el H A 35285CH-12FTE! BT AhcAdIgdd
UG Wb | T UBR, THR b T BT 99. 5%1S373e fohaT ST FehelT B

21| fifaehT srezE: |

Vsan = 5.02 TeVIR Pb-Pb Zawrd # SIHT I i U IeTea 3fiR TeaTo] Tefee

s = 13 TeV W Yied-Uleld o | 9RI W16 87 FgHE (TIUHEUH) BT eI Bl &b Berd b I1G TIUIeH & Uel-
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ALICE =+ Y(1S) = Y(2S) .: L ALICE =« Y(1S) = Y(2S) '_‘
1 - « 1» «
o Comovers Hydrodynamics 1 [ Transport model ]
0.8 A Y(1S) 2f ’7;5 - g B 0.8 Y(1S) ~ with ~ without regeneration -
:“\" . Y(2S) an :;/2 =1 ] Y(2S) = with ~ 'without regeneration
\ % nls = ] i ]
-\ 1 H Coupled Boltzmann equations -
06\ 7 05N \-x\_, =1(1S) = 1(2S) ]
£\, 1 R\’ + — .. 5|
04l § s - - 04 4 T -
N I F e N Ty W
02 ¥ S B 02 * -
[ ] [ & 1
0 L ‘ L L ] ol L 1 ! 1 N '

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
(N_) (N_)

part part

Nuclear modification factor of Y(1S) and Y(2S) as a function of the average number of participants.
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Rwsferaet tiederd Bia-Haee &1 Tt = 30 Sidr / I d% &7 A e & fog f5ar st 81 LH16k ALICE 21 & U
TGN T3t & TS Rt (FAfHe amt BT 7T pion 31k kaon, J/y, W & Z Sita aflv Tdhest =gaifa & &) Sei 4
muon f&R Muon R fm (MSL) 3k Muon e 3=1 (MSH) @ 3wzt o i

HIGHGHT 1T

QISR -TCHTH g of TATaw! & 3 || & SRIT HQHCHT TR T T g T Uit 2a1a 7 % 135 THel-1 &7
IuAPT ek Ty afiR o sitfadht fecor & eyt dpmge fear 81wt eeeea srafe & gRme, Tg F Yo ST,
BT FARIHIR FfAer, TAaRIT- el UgdT, 39d S & AJFAUT 37R b, vfas & 3= adgR 39 & fore =gaiie aiik

q_o

FeARIIeR Uehy # Hgeayot e fear

Hifdesr faeatmor:

Hifaey faearmor # onfie 29 & Wi & € (1) b #ew siv sifafes-smam & Fist; (2) A1es e (THeH) 3R ATew
Hied ¥ W (deweH) e dile stegae &g Hig H, (3) fov aiviie Siiel 3cuted & $ifan ool (deisizsie, fidisagsey)
H, (4) gord Tore &1 ST S &1, 3871 TF — 51/ y + STel URUfe 3R Tea TRIfor STenied Giel depe ! & T oY |
ST 3T STt § | g % Tewd [giderl & Ted T § Hear dat wrwameit o2 ot & o % E|

oo Ugeld sregad:

TE B BetRIHIeR (TRITCTeT) & 3flichel TR BT el SIRT &l &1 TIHICTA & Jrier 3y got siericea v % fog
fafva efSwToil &1 sreaee faT T 81 S0 STaTaT, YUd HUN IR fPR Fvel Bl WA SUeTs St 81 TE o B gl &
3ctrgd e forwe Tfgd g Se1 oo &1 ugele faar g

TROT -2 IAG atafedi:

TE (T) & S UteroT et faeetuor, () gt iR Wieid ot & Seviaia GuR & fae vedifad gt 1 86 R & ugele
& ST T oA weT g, () g, B W foR Pt & e TeHes emdT &7 sreage, O ave | giferes sifaw srawed
SRI Bs — — ¥R 1 W 4 kaons, (e) ¥R 1 TR £fFT &7 2fth &7 TaT o1 & foie vk 1 R ge i e S H — 3R H —
FI foR B & AT CMS &mar &1 sz, 3R (e) faewT veatfad dam & fog fefSerser AfwaaR L1 2fb ok for
TToedaR % ¢ fIBRT % a1g uRem faafia w0 & suee g o 8|

T & WG 6-39 HGCal feeaer Alggat & T HGCal 2Re & 21 faeatooT sii Mieiersy theds goagifaae B & famior
F onfie €1
T fEeaer % Muon e srudis & onfie §, stariq GE1/1 3w GE2/11

TodT ¥ R fohaT Seat aret ugref @t weer

IH BIeg 2RI & Tl 2IgH BIHARIE BT UL PBecb aRal! IRidfeid oTeh Ugref & Wield w-3sell Bl Jedidbd URMAd
AT 31R Uecd R TRaT STt €1 fIemooncqes TRae &7 fawdR & UdT oIl 74T § St e Wea Bl ISTPR Hdl ¢ Si b
AT 1R I Ieles 7 Al UpR & ifaew Sere 3R e ufesansii I 7 ST ¢ R SHeudT 22 g8 9907 & @t &l
S dg-STaT-ATA T Aiect & faele THIE0T & UTH fobat ST &1 &g utar 1 € o, uRfaa fave wemafaes e &
IuTefa &, FoReT Teihd B dTIHT IR ASTgd &1 ST ¢, STafep fIueid dTomTe & 3o Hed! UR HelrdT S1aT g1 faga g
quicsHig &1 & foiQ U fove Wags Ty foar STraT § o g% fages %0 & v ufsfia fave samafas Sfad wima g1

B TIveT STqer & |1 T 3fRR O Jaoh1g Ugrel T 3negge e o folQ HIToiTet Hisel & &id & o1 & [9uH Jahig 8707
(TUHEH) BT A B &1 3T TSI & forg, e Tiesor &1 3ot T fovdae gevfi 9asbra &7 afik ket samafers
&rTdT (JARAY) BT Sufeafd F ww fopar ST %, W € wiEae B gean faum e et aradia off @t 81 7afT genen
3flR TR & g TATET & BROT FTE B & ATSTAIT HTER | ATIAT 316 58 ¢, &7 UTd ¢ 1o Ulaiibid od 3 TRa
TSt T BT T AdER TR IAATafAd efdr R grd 81 a8 SRt oz war § 56 emi-Jada v 3 weifod eoff w faar
Tl P a1 Y AT BY U & TeHeH WiTT Heg e vedr ¢
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Tiera-tierd (d-) 3R gdl-3mee (T-T) zadel H gdl-ToiaR &/ T3iid (TIUHeA) & 3G WR 3Teadd, olel egld
FIATER (TATTHT) Toott B TATEITANET 8 & TifeaR HieeT T SULIT b et 7T & | el 2ot aTe} Tomfeat: BT (p-
p), TG (Xe-Xe) 3R TE (Pb-Pb) | & p-p (Vs = 2.76, 5.02, 7.0 3R 13 TeV & &1%), Xe-Xe (Vs NN = 5.44
TeV & &1¥) 3R Pb-Pb (Vs NN = 2.76 3R 5.02 TeV & &) # {5 78 €1 ) zaam UoTiel! | W-u 3R T-T zawra # 9t
WG (MU 3R et 1) &rd =37 BT IATGe 31T Bl Mfd 2.5 <y <4 F /T ST &1 HOT Wl & AT, Th
3fferes AATHE HAed-g-22l gotell NN = 2.76 3R 5.02 TeV & faQ Pb-Pb z&wd # HFM & 3dciieed a0 RAA &
T2 | UTH 61 ST €1 sSNN = 6.37 TeV TR 0-10% 2a $Haradl & fe 0-0 zaa # HFM pT- 3R y-faaeer & ferg
e Wizt off ALICE Run3 U & g o1 STt €1 3t fasgeter ufvornT a1t Gogwes Cfer H1t &7 S/euTete oed ¢ |

g I Fel MHT-TeB0T Tile el

B gore  9gd 357 o1t (d1eas; €> 100 She) Trr-3 woitet foema 1 & fafim St & 200  sifoes s femor it
BT TS % AT T faaTre B o uRued o # fIsfEd garm &1 3 qud # GeV MHI-Y Wit fagme i ag-awreed
aciie AfATet & T s smenRa sfie siaRer smenRa Mt &1 Spem@ Wt 21 a1 8, 397 USR danfasw! B R-ame
RIS B ST & e T agd We SeRie UG fRaT AT B 1 Ao weAteh e T gafehT Seeia () Sfave v
Ted T & X & v §, THIMETAUT 3fiv RA & drfees fifdehT FrichHl BT T fagd g & 9qnT oid &, S fafws
3R TaIS T TaRd TRt Gt wdl & JT-TTe W & foTQ & qepetieh! H1d AW ¢ | a1 H &H aTaTeaRol | I
RI3T T IUTTT HReh GRallel & UG Bl Tl & ToIQ AT TeheoT el & | 3 Tl o, 89 el &bl Yol Uesrer wug
G&IAT BT ITATT T & 371 Tthe Te1 3 umw fafier Suinft #Tuget 1 gore oed €1

2017-2020 & FRE 0J 287 FT Tg-awToed faeeyor affe Avefelt

TIsR 0) 287 &1 8P SATaftie Hifebe Bl & STUR TR Teb qTga! soieb elcl (weH & HU H YRalidd foar 7/ 81 uredies
WP SIE Tl TSR H, Sidh BIc] ATge] ReH 9gd G § 311R SHIeT 3 S BT 3Teade el 9gd Gordawd ¢l g9el 2017-
2020 & 37afer & foig 0J 287 & 3w, TaT-¥ 3fi THT-¥ 22T FT [Geciwor fopan B 1 21 srafd & R siffema-gar stk
TRA-Y gat & B8 I STawRTS ¢S] ST fafaferat 67 uesfa w1 woera & foie v fawqd sreemdt sfiz auieda
fareateoT fosam STTaT %1 397 Sia # sreamelt uRRadasiictar &1 T & fore emet siar-feaw uepter a6 (JMT % TF Bl & w0
H yare) e uRadeeliad &1 ugsha &1 wHee & o FaTeTs uRadeeiiad &1 sraae 5 1 g9 e, T 91 diess
IS 3R as gRadaeied & fae SHer Hifde ufeanit & av & afte S & 6T a<-9aay Waed Tesi
Rereger (THser) Atefet &1 STt &1

TR, AR ot TR BT SUFIT T 3t 287 F 2019-2020 THIR I ATIE el

0J 287 T I q¥e T ST fohaT 1T STt scieh Bt fawe &, ST fl-aeft Sosaet Targ- 3fie siifSsmet weiad wefela
AT | FET BHE TRERIC ¥ AR A b 1gd b WY AME iy aue 3R JReR sacieal &f uanT & g 2019-
2020 % SR GH TC THE gAY T THBIA Ta -3 FoiaR BT favgd auiesHTg sregad |

0.3-10.0 a1 Tehiged Tela & W1 H3RAT U (TIINR) BT a1 U "TRH-ST9-Issael AdeR H1 q&Td 3al &, sl &6
e U -gea fafauansit & s w Rt faear ar an R, TR it Tk &1 3udhT % UTH T AT 3T
TRAT TR - TGN TP TaR-A1 91> 2 & T Tgd o & | TLIe- T 3R TaeQaqu T Tagd H T Hecayul
FuichHa fader ST 72T & S RaTe-Taemeel 3R R Waed F 3T | 37 UdTg aTel e & R SiifSmar-gdr 3l
TRT-Y WA TF ¢ I AT oIS (TIAC) Tedh & Igd BT YT & ¢ 9 B, Tegad] i I=T Yarg arel wsdl &
T GAMERA AT WTdstfeles %0 & SUeTed H1e & A1y Rwizla RIer &1 Afse dam 3 81 gawr Atsfeit aefaes uReed
& Ted 3= AT BT A = F e I Jab &5 B Maeadwsar &1 YoAd aT 61 51 3R Jabig & Jod § Ifg Bl
dreg-fewes T uReea & srafera sifigfe g & gfg & Siter <t wear 21

HESS J1828-099 @& IH1fad TeV TMHT-3 T8R! 3t

iR Wi & TIeToT | BTS Terel! WIRGREIUs fawed (H.E.S.S) BT SIS 378 3= Iesft ST foH0T il Bl T I T
TRATT & 1R VAT 07T & b 31y a1 Sedd H 1€ Heayu!l wHepe] el &1 HESS J1828-099 Szt H Uahs fig S 37afta s
T T T Siee, ATEIMETTRT, TR 3R o wieh SRIege Be AT, afer, STt & deieien! & A1, g9
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Teelaqatel iTesTdreel 221 & TTY TISTHTH H1828-099 I Uehfa 3fl [z HT g &l | UewR XTE J1829-098 3R v
et & TR W 1 TF IA-GHA Taw-Y At (HMXB), Teet Ta-3 3R gathiee d # @ o &, Sit HESS J1828-
099 14" 2 81 12 ATeT b BHI-TeATe! STHT-X 32T & A1e, B9 98 JISt ¢ i 4FGL J1830.2-1005 & HESS J1828-099
P GeV HHABE B9 BT THATIAT BT UdT oITd &1 HP AT gHa Tgell IR ST B &b i {6 T HESS J1828-099,
Fermi-LAT ¥id 4FGL J1830.2-1005, 3fk HMXB Red &1 udl &l & f@T Rosat X-3 28T Tawi® (RXTE) &
I 2T e Vet Tderor & ST 1 AT fhar| RXTE # Ue WP It &1 BHR 3Teade o ¥oed Hedr ¢ fb HESS
11828-099 TF TeV ITT-GHT THITET STHT-Y ISR HId & bl &, SiT fob 3PR F & STaciicbal o 12l S &HY SAwell g,
T T8 TR Stererd! B UTIT ST aTelT STl g &1 Ugell apT |

2016 3fR 2020 & T TEATHEYOT ¥ ATt seterk QSO BO218+357 FT qg-awTed Teaas

T SR, Ta-Y, GeV 3R TeV 7T faolt # wier a8l ok sifesiae (QSO) B0218+357 &1 sddiia fBar| TeV
ott Pl Blede THT a7 S F TvRT BT UdT Tell AT| AT sraciieal 9 i & arelt sfadt ¥ ve e Yl Bk ek o
e Pl femmaT| Mt AT BT IuG T Hid-cie-Udderd SATHfd 1 Aled P 3R G| e & [ofQ Saye 3R T99 e
1 Ui el & foTg fpaT ST €1 H1a ScAsia Bl gTs-Tefsll 970 & JT 7T foha 72T &, TRy [ispigia-deh-Himued 3R
TS TS &1 F qTe? R &1 A STgdt Prree Ichoiel & AT b Y H THSAT AT | BH-F»o11 Scdsiel & &b Bl Gfadl-
YT Thol e A IA 24l & U B IS 51T €| STt I Iosf STHT-Te0T IeaTstel bl SURT AT S 7Y IT0TelT 1 7T 8
ST QT 9T & o S 7 WaTe 39 TR A BT S TeAT T AT ST IR Ugel g9t UdT IolT 7| e % e ww
(SI22Y) BT U F T BleTel H TerTerdl =g SBIT &7 IUZPT b TBhe STaaldhbe 1T T 2|
» TP Wit iR et/ g B AU & e Be Rpfder BT T IAd Telt g-gee gaursit &1 3ughT B
fomoT e veT &1 Teae Bl THMETa, Hrferen § feeea st fafda frar war am feeaedt &1 wderr dowdr vt
BT fosaT 1T 81 3 feearest 1 ST dfier a1 Seragi SfiR gl &1 UdT oiTe & e fasar Sireem | LaBr3 & &7
T 3fk o bfeaie famsfa fasar s et & SR & fasfeeatent & @ siver strom |
= CeBr ROl # 5T fomvil & HI0iT e TR Rwere sreaae g <1 e €1
» T3 ThefOT SIHTEY Y fafie amiEat & S deira wee, [fae deaensit B TRt Bt sitw 3 et @1 uar
I & AT o] foaT 7147 § | TXATHE 3aTT Geantd 3R CRY R 3t gid €, s a1g 2o oft qoteefim
TEIINGH S W18 31T Fwiieiee TUE (PoCA), fiee awves Twilfver (BCA) 311fS 21 §1 39 3609 & faiw %8 a9
EEHIT TR 3R Fel ST 38 &1 TP 37T, Thall UART I STHBRT fobiae & forg det Rafier Foue (dfemen)
sk ®E Aol AT (THEA) TonReH & W shS WRIRT # ST A 5 vt #1 gwendt ade aga
ITeT® &1 Fig.] T daeR Hefldl (SVM) Tl BT SUhT e 5 6e & 22T ol & foig dea & fadraars
famar &1
» Tl 2 ofi TR W urifie B ufiiue we IRt (s, AtsEreTe, sieed sl e Siéew
(STTTSTIETH) BT IULTT ek ot ST 28T €1 22T U & fafiq sl ofk Sreasiiéen ugat & Haluses &1 3
BT B b &1 URATAd g3 AT [Fven & T 3% aifdes 3uge® 9 & 6 $0 gur e o1 @ €1 &
TEAPR! BT TS 3 TeaTs e i gedsieer wifd v %1 (i) =t dafa, (i) afshr-erm, (i)
Tewarst mifdesdr, (iv) garar, sk (v) & fetarsl &1 Tahwuar eTRia ot oo Heayu! 7&f W o SR fear simar 1
Fig.2 T%F GEM feaRs & Uahierss w0 I ATUT T8 N Thwudr &1 gerfdT &1
= INO-ICAL RPCs & faQ varferur & s1de dabfcuds ST T &1 veara & & foig gregiearthe R &1
YT foaT 7T oT| STRURT fEeaest & Ugeld wR sanfafa sfi «fifdas squit & wra &7 it stearaa fasar 1T 81 RPC
& fafie it & geet arelt 2w & R 3 Rmmar war )
= PO + EISSEGHNHG (BISf8) HISeT BT IUGRT Heb e g piadl aied GEM Teeeresi H =rst SafeT & g
P AE AT Tar 1 | Tug / Frspdor / TeRor emdr, @n, e § R WehHT g S Aeayut
HTUEET BT STHT 1T 747 § 37R HIS[GT UAPTIeTes 32T % |1 Jelell bl TS 8| Jotell ScdTaetele &
I AR TRIS TR SMUTRG Ue SIa] (el Tadieed gaqe & foie amela & ary) dieasiva wediH R
THUSIC e faT e 81 39 Jame & o, SHET SUANT STRUNIT GefdT I AT9e 3fR ATetas UTH & &
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g foparm 1o 81 Sreetse ¥hm & i 4 # femman s € safes fafim ugh ue wiie <ltes &1 =gaifa sraeiivor sfadt &t

o= 5 & Rzmar a8

NEBEM ZeagrRefesds Hicae & CERN TR TR fafid %0 & Uy 3 918 37 7147 §1 39 a9 siafver W oren

I Fefed &€ 9€ Brdermarsit &1 sier @ g

o

3

-~

w

Average deviation angle (deg)
~

-

0.2 0.4 0.6 0.8 1.0 1.2 1.4
Average cluster density (per 1.0cm?)

o 1: WU gerR Al (THAIOH) TeNRRed 5 e ST @l

UL Hed gT FGHTd T faeedre

Current densit

Strip no. in Y

50

10

0 150 200 250
Stripno. in X

y norm (A/m?)

T1])

Electrode

150
X direction

155

mm

T 3: STRUTHT < fafy=r &5 & o8l aTeit S1eh e

c 7
o 6
-+
]
g Z vy
S '
N 3
2
1
0 .
145
Muan Trigger Master FPGA with
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T TRATY] Eitet Hifded! & sERiuTe & forg gfe (%)

TET SIS 31Tt Ffaeran [BSarT, Fiaesrdr # HH Sotiarel GAT] Tiet Hifdd! (9. 37R.$.GH.T - FRENA) 7 STERiUe
% foTe JfAuT, T 37 qanme 0.2-3 THAT E321d @Rd IAHT & B T¢ &1 Fofd aanme § T.8.3R.&Y. &7 Wieor 3@afd 7 §

3fte arfead 100 epA TR el i fFafd w2 & 81 FRENA 37 %0 | WA Wiie sfifaeh! I Teifta wahT e & fag
Tufda 81 59 ¢ wnfud <we giawr & &g St sire ygar ofk gad amaedss e 81 ag deud 4% # 7Li(p,n)

yfaferar SIE steres v & fore SuzinT fopa siem | Jesra & ue gafess e afea giar ¢ St afe fata v fuifa o= &
T 2l SATT & T et T BT TaRIeNe? H RE T 37T B 4dT ¢ TF Biel |ed Hef ZFHa grar ¢ i a1g dim &1 20
Fo & fore e oy ofik udet et & forg adae 71y 2T 81 g e sruehl fRar Yfafaa s & g 3-uide ek w2
Testreer fopg 1T &1 78 1z aTea Bl g et 3R TieTet 3 GRIeT U= BT A Bt F Heg |

f"' 20

Vacuum gauge
integrated to
the gate valve

Adapter connected
to the beam line

Bellow adapter

Turbo pump port with
vent port

o 1. Tearg & A uew

15° port for
thermal camera

Port to connect
3KW faraday cup

1)
Target holder ladder

TiTe deR SRidel | ¢ fewd € & ot o o 1  foman s €1 W U, T UeHR Uawiehver a1 ofrea (1SO 160K) &

SET BT ¢, 39 915 T JAfRE e alea giar ¢ et off Thnfaa dege
FiRTae % ERT <R Tedl Bl TqRet EAfad Bt & fae 78 e ared Teaypt
B o187 a1 o1eg TSl & TUaerl ofR Bifes Tae & HRoT S THTEATS I
B BT €1 T Aled Bl e A WRIR 3R o Baged F TIRY e
fora ST wemeT 21 eated B WfET e ave & HY S’ g o ot e
Jo TTge F JogH Aol WA deiies dog | FUR fwar & o 98 oroe ey dg
B ST | 3 e 310 o ToIe o ¥R bl STt died Fef (1) & 3l
g 93 3T F ot 7€ B ATed f@AT qoredt F Ger wpIfad b Smeeye o
Tio[g & o T e fd=res & AT Tohldsd fohaT SIT WehdT § | 18 el &3
H 378 JogA & A # gg AT b WUd W w0 o 9 (T
EPT 3R doge TR SRTEIeS W © S R & A 7 " w0 § gal
(T.31. ) & ST | Teb QAT FUS HTH DT <] WP ST e DI TAUh 334
RE G T T FI WaTfeld B0 F §g B M I ITed & FGoAol 7R g
Bl Y I BT e STATHT § a1 TdTe 32 Bl Hegarel WU A W Heeh
i forar ST wepar 21 e aTed & TG, TH A UER 3R A-eaeR B

Scale position
and pointer to
identify target
position

R 2. 2iic st wAsT

ST AT §1 A-Pader # de F Ay el o caiHeiager uu ¥ fog uié €1 R % U 9 & A & o U
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IS (T e aTed el RweH B IYC UG Fdl §) Ui 5t &1 T8 Baae? ded Fel & ot Th &R (ISO 160K |
ISO 63K) % % # *ff B1d FwaT 31

T 152 Tt =1 &1 @gg el gfma ¢, i & Rifcteier deae w@a & fog 50 3135 & dewme 81 3 | qatug o aflv
e fepTera 3 waene €1

T et HH BT IUANT B2 b 16 THT 37R T wTe TbTgat oY fohrie % fag famme & +150 fe3ft = ue dgwmg &1 3uzhT
oA STTQTT | W& e o =i Tetaset ot foeTer ot witer (o -2) & Jrer gapgl ot 7T &1 S el @ea o UTaee & 3fv
T BT A & AT TRWT B [IQ wadd ST fhaT ST T ¢ | e TIel T Yol +ff fosar s T g1

I I 0 Bt 3R Uael ofedl & e adame 7 ova & fore IR g 3 KW e B gnm Hie @ed & fore 9 oted |
B %P TAHdT ¢ TH uReed & g, ofiaee 3iik dqvl de el fiaet gar foser fagd w0 & g Tesid | goid &l & o8
T faopr oft ufha & &1 e & € Tt 3fie Pve B TEBN o ST Fehdll &1 HeaTd BT gt A & FRENA ©Rep (F-3)
o ATl H T T b T ST 7T B

/V i ’ Thermal camera Port for

temperature momtotmg

L g
SRR | 8 =
a5 ToRL <
Detector Ports X
A =

’

Port to connect Faraday
cup/beam dump

-

-3, FearT FRENA &1 SietTe«t § I T & J12 giaa &

ST 4fFTa faame wabrerte (JUSL)

PIHB-Y T3 FoTod BT AT

Ffeerar eghHeed Ue Heagy g ffotawy Reed-T (Taensed-u) & "gefieméua & 4ffed ugpmier  wifes fepfaed
3flR THITERTCH T IUTIT FXeh BTIB-¥ TS GelaRT BT I TR TH UBIIIA AT 1T 81 HiRAB-2 37T Feaad BT
P fadeor S5arg o sterier & W1 GGedT vEdT ¢ U fawar &1 & % H, B ¥ SHARBIT BT SYFT B aigHse
I & BI0NT AR FT AT TR 21 T B F G ATT §: W IR SMIHE0T 3R wgeld wEnT (SINP)si ffa
(JUSL)®| ifder sftv ureferar afredar & arer fGeee o o &2 a1 a7 ¢ ofv feae sarfafa sf sioe dwaan %
31ege & fT Geantd fEHARIS T Taedaar B

TR =i AT
STIGTRT # YfATd TATRITeT | Uiele Rebleat SPrHTee &1 U e g8, doit ¥ =gid YA W A9 g oI €1

31 A SEvae T & foe quréies fafaas fetae (SLD) #1 Hitser
21 Hex Y T TIUTTehet fhisia & Tody et iqut Wit & & T 81 SIIgieT Sizwass A1gd waiedt (JUSL) & urifie
gt 10 GeV / ¢2 | HH GHHT aTct STeh Hew &5 BT qATl & I8 T s B T8 g, ST 3t off o Wiietr 1y §1 fE2aew 7

31| SINP



¥ gfadesT 2021-22

&g C2H2F4 % T %7 geTa aTet A1fids Bid € St & Aeiies TR TaTfeid 81 W <Jad WIMP S&HT &1 &7 3 &1
PO Gl MeV TF ST | B ggatist TR fEeaeR BT FaTfeid Bl & foig, WA gea iR M-t & o Fgura weayo! §
1 - w0t &7 geeiiel TR U gBfH H ¥ TF ¢

Fuwdiee 44t BT Ffaede 3R 915 & AT et T wafeie Todd tg1 Bear ¢ e qeer gfaeser ufshar & a1 § Fgeaygot
ST it 81 SLD &1 Japmeimett # darR fasar a1 € ofiv FPGA 3menRa a1 srfesrgor yorett &1 221 srfevrgor & fog
TFfed foar a1 1 WIMP Ifvd faviar Refeedt =ggia IRa facier Reiaa & e g9 61 391G €1 SLD & saat
AT % GRIT I MG AT eaferes Wiel Bl =ggier R MHT-favit | fafefvia wek & kHz & MHz & srgfe ¥ &
T I €| g« (4T, T iR A (oY, o) mfdforarstt g dTeT 3 ATgaizia o Uieid a1 3 T 3R THIETAur
TH-SY i & A1 IO gC | HT-X URA Hasdll BT JuihHIg eatoor ¢ gt g & TRacd &I ghid el &, Sif
i< O Tehdl & e srgufeara €1 wafe orfts, srafer sfie Tapdt o1 St o1 Wt &1 ot sreaae foar 7/ & St =g sfie
T febvoT URA eaait & da T Aecayul HgiTa gertdT €1 feeaes # wafaes weasit 1 ugame o ofiv arafas @ & fag
JaR Bt F o iciersy Bl T & fetarr ofiR Siuay fawen &1 wieiuT 3= angfa TeR & WY Siguaed (9 & &) #
ft fsar T 81

32| SINP



iy gfadesT 2021-22

g At

o A o o o S . A o

TScTHyuT, Mot HifdedT, Fated e fsid, 3= Hat Hifdd! gear fagme, dafaq ugre o wifeada Hifdd

Tig o F UTATHE ST &5 wars % GuE Y U favgd et # et gg €1 Ifep fifaehr % forem i wu F sremr-
3T waTe % AT wR B €, wifdes gearsit @ geifod s s aaena & fore fafis dsifde Ateal B gemar ST 81 Ja
ot &7 Tfdfafet # aga 98 dare & T ¥ @, e A FEiie # U SR HINE J @e UFHid & o d 9ehl &
TEd B TS % THIT q AMiHA €1 Bllere! R TUTiehe fhisiog Tglis & J1 92 G119 I FagR ovd §, 7o w0 4
T FTUETAT & eid H, 3T FaicH Al Upid & e & Hifdd! B i war €1 vifde welf o waifea e, S
AT ATUETAT 3{1% FieH AR Slell TR &, T Biod geldl &1 THE T & Tex i giet, R fagia, miordia «fifadhr,
Faien & fGeid, waieq Fifad), I=T Iotl edT fae, ugre & wRoT 3 F§ JRR ien Tfaefierdr & Sdfta fafs fawai &
Fithar IR # o7 g8 ¢

oty ifafafeat

STHTHEYOT

e giet Hftfdehr

IR (3TRET) A Blct Bl YRH H T SR-3MaifeIh WheR &F & HIgR B faeewoT fasa 741 ¢ iR &2 61 Jam
affoaTiRasdT % *fidv SeTena Geeidl UTH 1 T8 €1 Te fomm a1 & f fawuor trfies # $e-sreaiferes i daet g &9 |
s 30 €1 U e emar § Faied Abfamd daR-g-3ReR wiada w amnRa i fafewor # ve defas g o
TAT oITTAT ST § | TRTade 3[OTieh st # U BT FIREe BT gATdT €, Sl T HIAeh 1 Ol & TegsTH I ¥TeadT &
BT JAT | ATIHT I BT 8| TATBR B0 A TAHT Sdeh Bl o oG qTIHTE BITeT dTaHTe & | Zeafd gifessT aTaaTe bl
T ATeA 1 0T &eft €l

TR T-aT TRlTel Hifaehl

glq R A I U 1ol Biedae T i & St a9 e § STa gueeiar fawpiet Berg qea w0 J 98 R 7R 5714 €,
i 3rfte 98 faaRt & 6T, s Bid &7 S8 2T &1 TSS-3MTRd I9d-Tdess 13/ Iad-w=aT fasl & HasR
AU AT (STIEey) Wbd! Bl WisT & [T 9¢ TeliRg feRid fg T8 €1 5% sTaar, I faewarsit &1 srgaa
e F T sty Tifead i faeaeor aw=te! B o] fear 1T €1 3o Wasd! &1 Wit Aisfoi g fifdd! & $o Jond
ferareit &1 WieroT F F Werd g4I € S gaiie B fdd s €1 T wu 9, sread e g Ue Wl Uge IRatfad
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AT Tl a9 H, g9 R B A1 F HHARY 3U3E 3R 31fEics Breerae g B A Fet hY IoTell 91T 3¢ &
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ii)
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F TET 'TREIAT T FNETT F &7 {31 {1 2022 F OGHIE [@EAT TV
#F o @Edis [Far 7§ Reaar 7@r 9n
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TeT $feege Sifw gfaear frfora

31 HTH, 2022 % $1 g1 I
USil 19 U4 gadig ELGCil 2021-22 2020-21
Pt e s 1 70,92,39,807.45 65,21,05,831.17
SRIGT 3V ez 2 - -
ReRa e dgised [ 3 34,58,461.00 39,83,123.00
YT BT S FE 4 - -
SRIET B 3 T 5 - §
YT B AT 6 B 3
JIHT ITTTT 3R graenT 7 5,81,01,98,539.03 5,51,68,28,799.96
T 6,52,28,96,807.48 6,17,29,17,754.13
U
3T Gaiad]
b Alh 8 4,99,30,07,512.61 4,60,82,41,416.45
g : Hiad Jeugr 8 3,32,44,07,963.51 3,16,55,63,659.20
’ 1,66,85,99,549.10 1,44,26,77,757.25
173 RefRa) daiaed At g 9 3 _
A3 s 10 1,60,30,306.00 1,44,32,301.00
oG Futa, BT N T 11 12,97,58,495.15 49,30,74,115.91
31 T 3F I 4,70,85,08,457.23 4,22,27,33,579.97
T 6,52,28,96,807.48 6,17,29,17,754.13
Tgayul ot At 24
HTHRAH A 3R
@rdi R ey 25
SR Ifrad Syfrai 57 @) &1 e
(et 9 (TH.TH. ST (Taw YgTrEml)
JU ol e UHRY UTeaTdh, IBERIED
IR BRI
A 11y o1 guR! Jau Raid & dey A
T SeI €S HuHl & forg,
e S APpI3ec
Uh3{RTEA 302081E
Q.. BRI
SRR
Fedl T3 056514
P B39, Ugal HISd, HHRT R 9,

2, Sif 1. WA=y, HIAHIaT - 700013
&1 : 29/08/2022




31 AT, 2022 & GHTW 94 & fore 3ma 3R =ag @rdn

TeT $fReege Sifw gfaear frfora

3T S 2021-22 2020-21
fow!/darst 9 ema 12 1,14,660.00 31,900.00
3aH 13 1,01,64,25,311.77 95,36,53,806.73
Yeh / Tl 14 - -
Ha=r 4 3 15 - -
A ¥ 3T, UHRH 16 - -
3ffofd s 17 - .
3T 3 18 92,95,267.00 1,46,23,837.20
JIR U1 3R BRI & Wi § gfg / et 19 - -
3 R WG B! 3iteamdl
qoH UA & RIFTARd 131 T 48,57,74,877.26 70,45,71,859.82
T 1,51,16,10,116.03 1,67,28,81,403.75
gy -
RITOAT Y 20 1,18,10,77,580.74 1,37,54,75,533.52
3 VRIS B 21 17,16,02,325.03 15,60,50,757.86
3IEH R T4, FiTe! 22 - .
N/ §F THR 23 3,068.00 2,031.55
I 8 15,89,27,142.26 14,13,53,080.82
Td 1,51,16,10,116.03 1,67,28,81,403.75
SR SIeTad Il 5 @idl PI 14T &
(3wl 7 (TH. Q.S @irer wgTaTa)
RUASICINEUECT UYRY UTeaT e, [EERCY
AR HrRITaa
T 131y Bt gARt Taw Raié & e o
T F7elf TS $uHt & forg,
TG AWHR
T 3RTA 302081E
(@Y. BT
HTHaR
eI ST 056514
PN gI3Y, Ugall HioTd, HHRT 6 9,

2, Sif 1. WA=y, HIAHII - 700013
&I : 29/08/2022




|TeT $Reeye 3w gfFaar fhforad
31 9, 2022 ) AW 9 & e wifte vd YIrar= Qrar

TRt 2020-21 2021-22 YA 2020-21 2021-22
URIUD STHT b/f :- RITAT T 83,00,73,670.52 85,30,60,609.74
HEREC 7,832.00 RIS & 15,25,61,623.86 16,94,61,434.03
T T AY 18,70,82,665.87 8,25,76,819.52 ¥ yuR 2,031.55 3,068.00
ufy 89,45,523.22 38,47,66,096.16
TS J U SgeH - o= 1,11,95,078.00 15,98,005.00
et 96,07,00,000.00 97,04,00,000.00 T3 g uRkEerTeft & forg e fasar @ 4,57,47,037.03 2,55,22,394.48
afamadf - 16,00,00,000.00 Segdt, e, Hiuwameair, e o &
A 5T T Ty ok o siftm 2,69,663.00 1,90,400.00
Sugd), e, diegemgam onfe) § urd sreH il a5t - 4,63,29,372.00
TS X5 URATSHTS 3 o, 2,73,06,825.10 3,74,52,679.08 3 ST - -
TTSIT Td o P I 28,13,186.00 13,02,172.00 AR T 8,19,245.00 1,27,21,123.12
IRER - - [EELNEIGE R COE ARG ] 34,46,627.00 35,35,475.95
st T f3ifore &) wife 62,03,926.00 2,50,93,636.00 fed af @t adam Seial &1 Y 6,79,75,039.20 -
3 feuifore &t it 1,53,18,073.00 37,32,01,927.00 U3 Be YaH 15,98,502.00 91,559.00
3 S Bt U 37,88,182.00 10,34,483.00
TTed STl - TS B I FI 715 TeTIT 3 -
3T ey 1,42,92,544.20 94,09,927.00 et - 1,02,56,521.40
AT (ST - 11,04,979.00 fafraef 1,23,02,374.27 8,81,62,318.00
U3 HY Tiftd - FAT 9T of -
Uk - -
T T Y 8,25,76,819.52 6,60,61,363.72
1,21,75,13,234.17| _ 1,66,15,76,622.60 1,21,75,13,234.17| _ 1,66,15,76,622.60
(3l 5) (TH.TH. DY) (ea wgrema)
3JU q s THRY U1, ARER wrtad gz
9 11y ot gaRt Jaw Roid & ded &
TR gl U8 Huet & ferg,
G AWHR
T 3RUA 302081E
(TH. 1T, HSTeN)
HidialR
Fedl YT 056514
HIT GT3Y, Ugel! HiSId, HRT AaR 9,

2, St . WA=y, HIAHTI - 700013
&I : 29/08/2022




18T sReeyge e YfFaar feforaa

St : 1 FTU/ ot By 2021-22 2020-21
30, 2021 B RIS SHT (U319 65,21,05,831.17 64,75,49,933.95
e TR-3TadT (@) 3™ &1
ot Ig & T8 IUIRT 5,48,95,698.78 1,66,236.88
ol &g & 1Y
TG (-GS BT FUANT 22,38,277.50 43,89,660.34
5,71,33,976.28 45,55,897.22
70,92,39,807.45 65,21,05,831.17
T & 3id H $licd s (SIUs) P Jad 70,92,39,807.45 65,21,05,831.17
ST 2 frord 3k sty
St 3 fFuffva fAfy
F  CULUE A R S 64,571.00 64,571.00
T UG Y -
FHHANRAT BT 3RIGH 1,61,991.00 1,61,991.00
BRICSIEIRINEAR] 1,61,991.00 1,61,991.00
It TS 1,27,942.00 1,27,942.00
5,16,495.00 5,16,495.00
W THEiN UG 3 Sy & o gHg -1,89,42,026.96 -1,63,98,503.96
TIEIT & fo It
ERSIEIGIRG] -11,11,772.00 -2,00,53,798.96 -25,43,523.00 -1,89,42,026.96
TISIY T4 3 1R § &1l 2,29,95,764.96 2,24,08,654.96
29,41,966.00 34,66,628.00
Total 34,58,461.00 39,83,123.00
ST 4 GRIET BT 3R IUR
ST 5 SRR BT 3R IUR
ST 6 WRfd HfSe qaang
ST 7 FefaT TTang 3R wrau 2021-22 2020-21
®. A AT
1 o9 I aRaTe & S/ e
IS HTRTHT - TUH &g 19,509.16 19,509.16
TSR ARSI 3G 8,80,005.18 8,80,005.18
TS IR-3HHD g 2,34,822.00 2,34,822.00
T3S IR-fITT HHR SHT 54,221.00 54,221.00




18T sReeyge e YfFaar feforaa

Sl : 7 9T <gdI¢ Ud UG (STRI.) 2021-22 2020-21
HITHSME3R- ¢aad gy 72,910.00
T3S eR- 3ReH fowary 26,202.00 26,202.00
YTH AL IR- Mt FHHR
TITYIHTZ3IR- A HHAR T 40,000.00 40,000.00
YTH IS IR- 3q HeTart 20,000.00 20,000.00
HITH3HTS 3R- BRI STATH 13,334.00
YTH NS 3R- P FIdT 15T 1,01,729.00 1,01,729.00
YT IMSHR- DIeilUIE ™ 74,522.00 74,522.00
HITHIMEIR- HER SR 54,738.00 54,738.00
T3S MR- AYFAAT et 38,679.00 38,679.00
TITYITZ3IR- A Tl HHR 1,41,222.00 1,41,222.00
YIS IR- Al IE 25,210.00 25,210.00
TITI IR R-ARGHT HSd 236250.00 2,36,250.00
TSNS 3R- HIgHE Hige 3H5HG 20,000.00 20,000.00
WITH I R-AHAT ¢ 48,243.00 48,243.00
HTHSHTS MR- 81 I 35,245.00 35,245.00
HITH3S R JUR fowa™ 32,105.00 32,105.00
YT R- U IR T3 53,489.00 53,489.00
I3 3R- Urarer ot 1,98,227.00 1,98,227.00
U SMSIHR-GANRT 77,645.00 77,645.00
HITHISSR- XAl 1Y HIdes 1,01,570.00 1,01,570.00
YIS HRITGA FToil 1,15,299.00 1,15,299.00
USSR~ TATTS FoT 1,53,558.00 1,53,558.00
TITYIHTZ3AR- YA STATH 40,000.00
T3S MR- FiHh =1 el 62,998.00 62,998.00
UTHIMEIHR- FHR 1Y Hfcwid 22,701.00 22,701.00
TGS IR-TIdT Hed 31,293.00 31,293.00
USSR =T ET 4,52,044.22 4,52,044.22
YITH3ME3IR- ! Tesif 7,974.00 7,974.00
TSNS IHR- AT Uy 49,175.00 49,175.00
T3 3R- Jasid Hrsalt 26,261.00 26,261.00
TN R- RE1Y g 46,570.00 46,570.00
HiegemSR-ia dur fArgn 92.00 19,100.00
TGS MR- Aed P. &l 1,03,132.00 1,03,132.00
TS IR- ARG PIR 2,01,795.00 2,01,795.00
YT 3IR- YRT IR 11,366.00 11,366.00
TGS IR- Aifddh Hed 66.00 66.00
TTTHIZIIR- Hitddh ¢ 10,437.00 10,437.00
oS iR- S Fshadf 69,608.00 69,608.00
HTH NS IR- YHHR Hsdl 9,073.00
IS R- YT HeTard 1,33,805.00 1,33,805.00
YT IR- THY I 20,000.00
YT IR R-JPbTs [¥Hn 20,000.00
HITHIMS MR- I=Id P. A 61,485.00 61,485.00
T3S 3R Il W AT 280.00
TITYITZ3IR- [THA HHAR 35.00 35.00
SITs- 3RIRTB- 74 HHR HSd 3,05,281.00 3,11,017.00

SIGE- SHRIRH- UGy Herersif
BITE-3RIARUB-HIild HIgT
SIe- sififear g™

ZI&1E)- Sdr I

Sleiidl- g g™

Slatet- T, IR

6,19,963.00
34,095.00

15,85,894.00
34,96,875.82

1,37,251.00
7,26,991.00
9,095.00
73,260.00
5,05,548.00
48,89,871.68
Contd.




18T sReeyge e YfFaar feforaa

3T : 7 TAHT GaHT SadTE SR UG (SR)) 2021-22 2020-21

- -3 70,576.00 70,576.00
Sletet-Ateior g™ 92,814.00
BlaTet- =it gehadf 1,69,218.00
SiSte- I 9y 1,259.00
Siefel- A Hed 61,233.00
Slatel-gyg I 15,26,971.00 15,25,594.00
Siict- gHSd ASHGR 10,74,027.00 8,98,929.00
Slatel-uHetTatEt-dfear g 2,85,607.00 4,50,374.00
SlRStafl- gard Imafd 1,18,827.00 700.20
STTYEL- BiferaH (3fSHM) 7,96,836.36 7,96,836.36
Siuget- giferaw 7,444.50 7,444.50
STTYEl- giferaH (3TsHici) 6,83,526.79 6,83,526.79
SiuHct- TaguAuidt (Terd) 7,90,200.03 7,90,200.03
SiuHct- TaguAuitl- JiTrAey 70,990.74 70,990.74
Seact. STrR- gy uisy 66,658.00
STt o At 919 haliR-sthdt 2,20,295.42
et St a1 Bt (S HeEr) 15,39,626.00
SITe- TR 3REl- S & 1,934.00 2,14,647.00
SITe- TR 3REl- 3P & (2) 90,400.00
et THReREt- Rt 89,957.00 1,08,222.00
ST TOR RS- 3RUMH gEoi 1,47,560.00 11,88,636.00
ST THR3Rel- TUA.TY. 3fTR-3 9,11,664.00 10,37,000.00
SITHe- THRSRE]- 39l TWDHR 3,10,000.00
et 99- 3qd HerE 8,25,720.00
STTYel- THR3REl- [dade At 1,69,402.00 2,35,274.00
SITHe- THRSREl- dgfR) dabew 97,339.00
STget- THgeRet- dfem g™ (2) 1,96,888.40 8,97,656.40
Sege- THgeRet- dfenr g™ (3) 57,61,680.00 28,54,092.00
SITHe- THR SR SaRiY Ry 20,05,970.00
BITHeT- THLSIRET- AR Soit 9,60,025.00
STt TSRS atEar gesi 9,853.00 3,94,471.00
3TTHet- 9d- SuidR Herard 3,91,754.00
2ITyct- TS eRel- gRaN urs 25,697.17 6,37,395.17
BTt THLSRE- 3SR ahadf 22,89,656.00
SITHct- THS3Ral- UsIST vTe iy 18,05,521.00 23,28,476.00
Tet- SERB- URIoUHT Yerard 4,83,975.00
ST TSRl IUH &Y 81,180.00 93,191.00
ST THSIIRE- T 79 (2) 20,942.54 3,88,608.54
BITTCl- TS SRE- T & Hl 6,452.00 6,452.00
BIegd)- THESRE- YTa- FHBR 2,64,195.00 1,89,363.00
SITHd- THR RS- gHUSd ASHER 17,62,607.00
SIegd)- TugeRE- g st 3,36,340.00
SITadl- TR SRE- goid Hed 73,041.00 73,041.00
R-HRA - s 6,66,969.00 6,66,969.00
3M3-89-ATH-ThR & 12,67,560.00
31 ferea et oIy 19,856.00 19,856.00
1- §1.%. Tl 3,41,690.00 1,31,530.00
FHI-TH. &. Ir1d 2,32,989.00
- T1.%. Hed 89,837.00 1,00,000.00
TYIREU-STUSRAt 51,773.00 51,773.00
goildl- 3ffHuew 1,444.00 1,444.00
Goitdl- I ek 3HTeH 13,673.00 13,673.00
ol Sagd gEei 8,869.00
ol - o dgroft 15,386.00 15,386.00
ol Wewr Hed 96,158.00 96,158.00
TEATE W8T & BT & T8 UHTRA e 3,00,000.00 3,00,000.00
fcagn we fod ufe 16,90,724.00 16,90,724.00

3,87,46,367.91 3,28,12,035.39




18T sReeyge e YfFaar feforaa

2 3 9dHM™ gadig 2021-22 2020-21
HebM lde UR oI
T R P 17T STHT 17,70,825.00 14,66,909.00
TREIT AR & ferg SHT 91,34,266.00 45,91,922.00
T W SRR Herdt 58,82,084.00 78,02,219.00
CINERS 57,557.00 1,24,117.00
IiTyet, Taeiiud, smeeiiuyet 2,80,572.00
SITUT® Jesdl 13,80,656.00 20,14,787.00
JUIT® Fewgdm 23,71,540.00 27,02,050.00
.U, BT aeit 3,65,018.00 4,54,421.00
Uitq $R e | SHRH 8,753.00 22,996.00
THITRUU WeDhR] T et 22,50,505.00 25,32,550.00
THIMRTAUY Hail Bt Ge=dl 48,900.00 48,900.00
Sitae staT diiay 5,23,200.50 5,42,069.30
e fAufor T (d) 45,135.00 48,871.00
TaH 3G (da-) i SHIRT tdar 18,88,507.06 92,31,349.80
w (ITH) B SN o T 29,64,494.39 1,85,68,977.72
R- &M SR a1 T 2,85,55,123.27 4,60,74,152.65
Ay fafeer < 8,143.00 8,143.00
SiTauasHsTd Witgw Readt 22,440.00 24,440.00
SITHUASHISTY URusdl gl 1,30,400.00 8,925.00
dad ¢y 2,61,39,459.90 3,05,40,131.10
U3E &g 2,04,81,288.00 1,78,53,419.00
fafay ayelt 9,31,274.00 4,49,162.00
FHHAR! IU. Y U & AU g T 10,18,062.00 11,81,677.00
1 U B1Y X & 1o1T FatedT &1 Jaxidl 15,48,112.00 12,92,938.00
T IR AT 81,84,069.00 81,31,855.00
TSt W &t 4,56,780.00
11,64,47,164.12 15,57,16,981.57
EICCIG] 2021-22 2020-21

EENIESEIEEEE] 35,49,767.00 48,71,514.00
RIS Yo & AT TraeT 30,000.00 20,000.00
IUIld IUGH & AT TraT 25,82,55,700.00 24,96,10,122.00
U SAHTRT THCIHRUT BT G 23,16,63,937.00 21,51,01,692.00
Il =M & fore uray™ 5,16,15,05,603.00 4,85,86,96,455.00

5,65,50,05,007.00 5,32,82,99,783.00
gn 5,81,01,98,539.03 5,51,68,28,799.96




18T ERece 3Tth Gl fhioraq

SgHl-8 3l Tafr
YR <ATH ikl AT AT
1 & 3id fawt o iR
ST T F ARY ¥ & ERA 9 & R sl dpa Tfera g e 1R & o Eal Tferd g aef Y P fa A
w A qeq e ufseH e AR 98 F URY Ll FURISH Ffa® T Y
% F T F 0 . 17 w17 F T F 0 F 0 F 0 . 17
Td HuRy
1 <iogies Y Bl 24,98,280.27 - - 24,98,280.27 - - - - 24,98,280.27
2 ARG 10% 23,36,84,045.59 29,87,79,797.00 . 53,24,63,842.59 16,05,40,720.02 3,42,72,219.93 . 19,48,12,939.95 33,76,50,902.64
3 YaH- &N 5% 8,87,50,926.00 - - 8,87,50,926.00 4,52,33,074.13 21,52,836.32 - 4,73,85,910.45 4,13,65,015.55
4 YTH- FHEN 5% 24,67,171.00 - - 24,67,171.00 15,06,848.65 48,016.08 . 15,54,864.73 9,12,306.27
5 fagga Fafe 10% 7,42,45,702.65 7,65,20,284.00 - 15,07,65,986.65 3,70,99,975.48 97,76,157.73 - 4,68,76,133.21 10,38,89,853 .44
6 T, TR SR IRl 15% 3,64,73,93,345.65 53,12,155.16 - 3,65,27,05,500.81 2,46,52,08,450.75 10,39,88,213.99 - 2,56,91,96,664.74 1,08,35,08,836.07
7 e dred 15% 33,09,091.51 - - 33,09,091.51 13,19,049.85 69,431.95 . 13,88,481.80 19,20,609.71
8 R 3R fRRa 10% 3,92,49,350.91 3,15,059.00 - 3,95,64,409.91 2,01,41,646.73 12,50,762.94 - 2,13,92,409.66 1,81,72,000.25
9 BRI IR 15% 3,74,68,757.90 8,64,696.00 94,231.00 3,82,39,222.90 1,98,76,569.21 17,82,790.11 |  82,837.95 2,15,76,521.37 1,66,62,701.53
10 YR TeHD JUB 40% 44,72,17,218.85 29,83,836.00 . 45,02,01,054.85 39,78,57,239.63 49,82,568.78 . 40,28,39,808.41 4,73,61,246.44
11 qRaPTe™ gRd 15% 3,18,32,403.64 84,500.00 - 3,19,16,903.64 1,67,71,280.72 6,04,062.45 - 1,73,75,343.17 1,45,41,560.47
12 3/ e Uy 15% 1,25,122.48 - - 1,25,122.48 8,804.03 81.99 . 8,886.01 1,16,236.47
4,60,82,41,416.45 38,48,60,327.16 94,231.00 4,99,30,07,512.61 3,16,55,63,659.20 15,89,27,142.26 82,837.95 3,32,44,07,963.51 1,66,85,99,549.10
dadf af 4,59,92,95,893.23 90,25,409.22 79,886.00 4,60,82,41,416.45 3,02,42,61,705.38 14,13,53,080.82  51,127.00 3,16,55,63,659.20 1,44,26,77,757.26




8T SReee T o fhiore

2021-22 2020-21
GI-';!'\EI?-‘I :9 . )
fav-garss | sAs AT HIU A
St 10 HEw- 3
STYfId d! & WY Y Srafd ST -
T4 U3 QSR %8 fHaw } 3
e s Rud srge™ - -
Y 3fafey ST 1,60,30,306.00 1,44,32,301.00
1,60,30,306.00 1,44,32,301.00
11 Bl
. a'cf:rr—r Tufar
81U H T AW . i
CEAK RS IN]
TS W1 S P1 AY AR 6,60,61,363.72 8,25,76,819.52
1,07,623.00 -
6,61,68,986.72 8,25,76,819.52
a1 31, W 3R 3 adH= "l
1 B HHATNGN B ST YTRd BT 22.32,299.00 28,12,901.00
B3y fafed 3l 95,185.00 1,04,845.00
Hiex $R TSag 868.00 14,742.00
TR wigfdd / Whex 3y 5,02,947.00 4,23,473.00
HHR TS 28,31,299.00 33,55,961.00
2 gget 9 AR SR o= IRr
A%¢ § 1 9% & ©U § 91 YT g+ a1 g & fog
T) STHT
g Reier & torw s 16,30,026.05 16,50,026.05
DDl A & 1Y ST 82,000.00 82,000.00
BIESBIRCHUERNERSE] 1,37,969.00 1,37,969.00
TI3TIT (HUHSIY) & 1Y STHT 6,84,000.00 6,84,000.00
SIEaidt, HRd IRPR & U STHT 2,431.80 2,431.80
lee db Y W & UG ofHT 16,000.00 16,000.00
AT Yeob & fefu SHT 99,378.58 99,378.58
Td/3t . TR AR 7Rt & e ST 3,37,16,726.00 1,24,80,990.00
SRITTSTH | S| S - 37,31,81,927.00
CIESINIERINICENIE ARSI 1,00,00,000.00 1,00,00,000.00
4,63,68,531.43 39,83,34,722.43




8T SReee T o fhiore

2021-22 2020-21
&) Wd & fere wHanal o1 :-
e SR 18,000.00 -
3BT I Rarad 3| - -
TR 1A 2,625.00 2,625.00
faferer sifm 16,005.00 16,167.00
fatay 3oy 2,66,785.86 2,36,381.86
3 E A 58,000.00
3,03,415.86 3,13,173.86
L) TR B -
gfcaaretl &t | 44,269.00 44,269.00
Fresgamsdt & tor sifim 1,16,96,398.12
1,17,40,667.12 44,269.00
<)) ufvarerTei & forg fvam man =g o
WIS | | Ie ah: -
T3S 3MR- TTA.TY AR 9,997.00 9,997.00
TS SHR- T GEuTer 44,082.00 44,082.00
VIS IR- TG&a g@oif 1,830.00 1,830.00
ATTH NS IR- Y& Tl 500.00 500.00
YT 3L IR- BB SToi 2,96,743.00 2,96,743.00
JITH 33 3R- HHIRT AT 40,528.00 40,528.00
T3S 3R- HIAGDT I 1,74,200.00 1,74,200.00
YT 3Ms MR- gd (AIHT Adh 2,119.00 2,119.00
YT emEem- urd Ir8i(1) 59,312.50 59,312.50
TS 3R- Gt e 1,17,594.00 1,17,594.00
T3S 3R- ISld TWPR 11,453.00 11,453.00
g 3Ms 3R- ST} g 26,431.00 26,431.00
T3S 3R- Y& I g 71,422.00 71,422.00
YTHIMRSR- YA Samarer 500.00 500.00
YU as3R- a-a gy 11,545.00 11,545.00
SITS- IS IHAT BaAlRY - 5,850.00
it iRt awhadf - 2,733.00
Siatet-gur fawarg 12,997.00 12,997.00
SITgcl- gat TRt 3 17,244.00 17,244.00
Siwget- giteray (9HY 3R HHR) 5,43,182.29 5,43,182.29
STTHCH- BierH (3MTSi) 30,715.03 30,715.03
SITYel- 3MsHhdC - 2003 (THDHUY) 6,917.00 6,917.00
Suget- S e 4,18,009.00 4,18,009.00
Siuget uid ug 1,13,242.00 1,13,242.00
STt TORSREt- 3T §oif - 60,760.00
SITYC- TS3REl- TUH.TY. 3RITR-2 - 36,006.00
STt T4- yareaifa 3 22,632.00 22,632.00
STt e Shuiax Yerard 10,396.00
ST TS RAl- T, IGRMHA 2,04,947.30 48,755.30
$S9-fgdid (THHTY) - 60,78,181.08
goirdl- gHibd 3a 53,556.90 53,556.90
goiat - . garer 43,500.00 43,500.00
guitdl- daad gEeit - 86,633.00
23,45,595.02 84,49,170.10
A At 12,97,58,495.15 49,30,74,115.91




g1 sReee St gfdaar ey

2021-22 2020-21
SIRTET : 12 Taspl/Aanant & ema
A TSI & 11U THBRUT Poob 210.00 -
3T Yo Ul 1,14,450.00 31,900.00
1,14,660.00 31,900.00
ST : 13 Sgar/areust
i) @ 134T 7T IR -
S 37T 3,45,93,765.60 64,97,416.55
ST S AT 84,20,86,323.74 81,43,88,067.52
T AT - G 13,98,77,975.43 14,80,86,395.66
1,01,65,58,064.77 96,89,71,879.73
HeTe: SIRTTSuA § 591 & Sod U AR -1,32,753.00 -1,53,18,073.00
1,01,64,25,311.77 95,36,53,806.73
[SFRIET: 14 Qe Wl | | | |
| SrFEt - 15 Fra=T | 8ma | | | |
[T : 16 RMTET | 31M4, YHIRH | | | |
[SFTeT : 17 affSta =Tt [ [ [ |
TN : 18 3T 3T
BEEN BT fhrm 45,130.00 36,500.00
THS AR Yo 6,19,170.00 6,26,234.00
e, Fafde ary aier hftaa 66,11,095.00 66,15,862.00
fatay ema 53,895.00 46,00,045.20
RSl ¥ 3m 19,65,977.00 27,45,196.00
92,95,267.00 1,46,23,837.20
[Tt : 19 TUR AT & Wi A gl / PHI SR W R DA
ST : 20 TITYAT g
3R Ui iR UvH Bs | aRgH 49,64,04,660.00 52,39,24,504.00
ITER 3,38,73,372.00 1,82,24,842.00
ECAAGR I 4,01,57,621.00 5,59,04,700.00
I8 & ERM YA 27,01,91,318.00 23,72,98,724.00
SIS : GHTO TraY™ & T 5,16,15,05,603.00 4,87,65,49,874.00
5,43,16,96,921.00 5,11,38,48,598.00
HeTd : YRS Tray™ a9 @rd & ST T 4,85,86,96,455.00 57,30,00,466.00| 4,37,95,39,920.00 73,43,08,678.00
3ty JIeATsh &l AT 8,42,716.74 8,98,739.52
Tl Bl oRE B 31,32,000.00 34,83,000.00
SAHRT I Ramad 6,41,868.00 24,16,264.00
fafear ag 2,93,03,554.00 2,94,36,896.00
W gef 3R TS 0.00 21,000.00
B ATH D T 26,49,735.00 54,81,122.00
e 3t Ueliepur Yeb 3,62,353.00 2,37,545.00
TAIDI Yoob e 7,09,235.00 11,38,243.00
1,18,10,77,580.74 1,37,54,75,533.52




g1 sReee St gfdaar ey

| 2021-22 2020-21
AT : 21 3 YRS a7
IuHI, TR SR TR g1y 2,38,49,365.42 53,84,698.00
[EEGIRIGD 3,39,63,869.00 3,32,33,249.00
TR 3R 9 @19 1,78,67,871.00 1,18,96,556.00
3{ToRCTgH HT 18,853.00 15,838.00
Fafdbd ddq 29,35,900.00 10,60,173.00
adq 0.00 5,600.00
13_TaT, o¥ SR B 0.00 1,79,885.00
qTg- I, IWIWIG, §HHT 3R HR 4,80,332.00 5,10,737.00
g Yo 9,07,181.00 13,71,147.00
BTh, THBI 3R Fe3C Yeob 6,30,376.00 12,23,586.00
BT 3R VIR 14,57,051.18 9,54,658.00
g 3R a8 4,04,748.00 31,84,022.00
TYY, G 3R BRI 0.00 2,44,972.00
Je-dT 3R ARTE 61,94,457.08 16,35,978.00
T Wit & uiRefie 51,000.00 41,000.00
anfa oqg 3,35,841.00 4,34,632.00
Cassic:el 83,700.00 0.00
UTST UHR - 0.00
O SR =R 9,23,296.00 1,52,766.00
Toikft og 4,34,16,595.00 4,59,45,997.00
fqay ag 8,54,957.00 7,04,085.00
RIREERN 23,65,833.00 4,80,700.00
PIECaLY 3,48,01,612.30 4,73,47,444.86
b TBIST Yeb 2,500.00 560.00
g b 23,980.00 21,680.00
A Y BT YA 9,200.00 4,000.00
TUITH U Yoo 15,954.00 16,794.00
HITIR A B et R g1 7,853.05 .
17,16,02,325.03 15,60,50,757.86
AT : 22 3FGH, WIS R o4
ST : 23 ATS/AD TUR
¥ UHR 3,068.00 2,031.55
3,068.00 2,031.55




|TeT siRefeye sifw gfeaar feforea
2021-22 & GRA G & IUIRT &I faavor
TRATY 3ol (AU, Tos o U SgH
STy 3-3madT
I T da

R I BT URFYS | 92,31,349.80|  1,85,68,977.72 2,78,00,327.52 4,60,74,152.65
SiIs: ¥ & SR 9T S| 84,50,00,000.00|  12,54,00,000.00 97,04,00,000.00|  16,00,00,000.00
SIS STH & dd USHid, SITTSTH I U 17| 1,32,753.00
°eTT: UIUHUHTY D1 3feuflid S d1ud foba T -1,02,56,519.00 -2.40 -1,02,56,521.40 -8,81,62,318.00
3R gumEford faar man|

Pd g 84,39,74,830.80|  14,39,68,975.32 98,79,43,806.12|  11,80,44,587.65
H: I8 & SR IUANT fahT o aTel SgET: -

YoINTd 09:

3T grf 22,38,277.50 22,38,277.50 94,82,574.66

IS A ST 0.00 3,37,16,726.00

CWIP & forg siffm 0.00 1,16,96,398.12

oI Y

g 84,86,97,418.74|  13,92,41,927.43 98,79,39,346.17 3,45,85,765.60

HH: 3 -66,11,095.00 -27,98,832.00 -94,09,927.00

qdH Hufay, BT 3R S:

fafay afom 15,404.00 15,404.00 15,000.00

3wl & forg 31| -33,000.00 -33,000.00 -25,000.00

A H 0.00 18,000.00

fafean sim -162.00 -162.00 0.00

faqgd UHR & fere rau™ 34,32,638.00 34,32,638.00

T U1ET Yo o forg urae™ 20,000.00 20,000.00

I 84,20,86,323.74|  13,98,77,975.43 98,19,64,299.17 3,45,93,765.60

TIEIT U4 319 1Y 8 BRI -11,11,772.00 -11,11,772.00

A SUART 84,20,86,323.74|  14,10,04,480.93 98,30,90,804.67 8,94,89,464.38
3] e R 3fd A 18,88,507.06 29,64,494.39 48,53,001.45 2,85,55,123.27




qTET Stea]e Aih e (s

31 WTH,2022 H U FGE F ™T  @rq FT SAqGAT T T
ATGH: 24 WEAYW QT A

IL.

III.

IV.

4.1

4.2

AQT ITATEr
<y fewor  afta Ofterfess gog oRomér qor em@T 1 e 2002 %
gATE 7 TAmd At F osma 9w A fRET Smar )

TEEAT T

3TN, AUSTY, ATATh Iof q9T 9 e &l ARG 9% qediiehd (T
ST g qAT @R aT 99§ qewd T JATRG AT S 2.

Haer
e amT T BT STar 8 ST ama § ufdEied sr, S ST, w2
FALT, Tl T, AT oTfoer g, oo 92 s &1 gamda: dwag R
STaT ¥

SEC IS 1T R

FIA AT F RN aWTg 9T AT AT Smar 8 Sed siate
qTer oqTeT, G U s @, iE o oo, #Y U sfEforem ¥ Hefaa
aft A AREEE UF TAT g9 ATHA g, IRINET 99T & ga9g |,
AETATH T 3T F FaA(9d q@-TR=mad AT F IS(idg a1 T,

TT-Hifa® I\ (FfUed w2 7 AT F qATaT) F AW H UTH (haeS
THEH F UGSl AT ¥ AAET hfee FRT SAIU T FeAT HI AT h
T TR T STar am gt semafaw ' g R u A w
AIETE, U a9 WS 9 Ffded we # TIEARG af I7 2|




qTET Stea]e Aih e (s

31 WTH,2022 ® U FGE F ™MT  @rq FT SAqGAT T ST

V.  Sagedd

qAA AT T FAHSAT A, AT HL ATAEHU, 1961 # [fEa @ F
g w7, oo @ma f@fer ov yew= B T g

F. g : I

q. g ( IETEA) : 05%

T. a9 ( FEATAT TF TARTATAT) : 10%

T. e Ud I : 15%

. [EEGREGEIET : 10%

. T /AT : 40%

. FATAT ITEHT : 15%

. qred : 15%

z. EERCILDI : 10%

5. RRER : 15%

T. I ATA AR AT : 15%
FT F I U U gREdd U saedd #@ ¥ a9 & forw gata AT smar
g. S ofEad a9 % I g9 & ATl 2, ITUL AGYAT w NG Al FRAT
STt

01.04.2002 & % @ig WU X @l ad & foF o€ aneqdai & @9 ToF
T AT TE AT T 6 dg H T QAT AM@r . AQ AT 01.04.2002 &
Ted @ar T2 g ar T fr fasht o fAtta = #@ ™ SmEr 2

5,000% AT FF AW Hl AEqAl 9 O FAHeAT T AT @1 ®. IH AR
F FAFHEAT F TN 2002-03 | AT UF =T @A 9¢ AT S1ar



qTET Stea]e Aih e (s

31 WTH,2022 H U FGE F ™T  @rq FT SAqGAT T T

VL

VIL

TR AE™ T geH 1St

TIHT] S FART ( gefd), ARG AER " YT Edl  (T-TeET UE
F-SAET (TTSET) Al w1 [efaftagg &7 § oA S g

F) AR FT THAT 6 AU I A@dg [HAT 17 2.

g) ST GF 4 o0 ITAN | AT T ASAT UF AT g
FOT H AT F ®F K AT UF =07 Gd § armaer &Far Smar 2.

T) oSt P % U ST U MU JeET UE AN R & eter ISt
T F w7 H forar smar .

T) ASHT TF AT S ITAsd O FT 797 AT F ®F § g o F
AT AT ST AT AT TA TTEYE & A YR AT Smar g

o) TCAT TS [AWRl, WA AR BT GIEHL O WAt/ faramiy
it F aT ud O = ¥ o swE § g T oemadt (o
TISET) UF AEdt iy # sd oS % &9 # @ .

EICIECIE VRIS CIE SE SRS L

TRATSHATSN /AT o Hafad a9 Sqael & agel & g T Jd@dg
ERIESICIS

EIECIECIE W G I B e b L e o 2 M o A B 2 s G e
AT AT F A= FqA L@l AT aRFrSEret /areErer ot & A=
GEmr T g Tur aRFsEret/aeEre & O o e aqEmr ' R am
EIRIER I I 0 o e T B 1 0 = T 1 R B & I I RS
TRATSATSN /ATl Frar ofi¥+ & sfaeiq gotar & 2.

VIIL fEReft qar d=agr

fOeelt qa1 & =g THe ® "@Fdg wf iy &1 y=oa [fEeET @
ERCrcCE-SE RN I



qTET Stea]e Aih e (s

31 WTH,2022 ® U FGE F ™T  @rq FT SAqGAT TIT T

IX.

AT

I1.

I11.

aT-- AT

D AR T o Rl - 1 7 2 B = B R e e 1 = D -G (L 1 A R
FAHT AT TAT U, I=LET UF FAFHM AW & [0 Jaem= & Faa
YT 9T A FFaT omar 8.

THI T8 & TAIE HEAH 0 QT 999 TeET & faiid =g har 3T
g S Yo\ H ST IFaret & fewithw FE9er F e uw gl

TH O AT 9 AT W AEA AT @1 AT FFifh AT e a9
TEITE H ST 9

25 U aarg quT s@r 9x feoqeft
SENECECRRILY
eI % fm 9% 3T @ MU 3,37,16,726/- € (q@adt A9

1,24,80,990/- ®) ¥ om@- wAt ¥ ®ay ¥ , O P oamta i
F mrfee Tfr ST wTar § IaAr & Ot @ T .

geqe & fAwg urgw B o ST seedy wmwen ¥ o smRfRae
A0 29 gHT " AT T8l g

T SATfeqT, T UFg AW

Tee I T H, T FE OATIRE § AT Seqdr, ®O UF qRH FIATd
AN 9¥ 8 q97T qod 9 # fR@re 7€ i F e aeEw g,

K31

TH OTROT o AT 9T fF sy ofafa=w, 1961, F dgd ®is FTem
TRT A Tel ¢, AEY & fou R smaam #r smaemsw dgi 9T
STl



qTET Stea]e Aih e (s

31 WTH,2022 H U FGE F ™T  @rq FT SAqGAT T T

Iv. et gor d=eaE
CUREES L))
T T Eadt a9
HIAEUE MY 9 AT AN 7 e
F) TACISE YSil ITERT 14,97,465.82 36,57.085.30
g) TA-IM6E U
Ffaf=s UF IUART TR 8,95,134.76 -
M) S| 2,54,35,824.16 3,89,39,886.86
V. F=A AT

VI

VII.

VIIL

q9d  eeqdAl w31 HWME, 2002 UX YNNG HEHedd & fog
o aRta AT T, s=er enfRaEl worer gemue AT snfRd ey &
F=AT A AR B

SER SR

ARETAT F FTHeAT F Fad [Ogd 90 F @d H a1 g S0
FealT AT HEAT f o iR |rar Y9 g, S o w5,
AT IR FRT AqQATd g. a9 1 a9a 2002 & IF Afdih
T Bl AAEedd e AT STaT g, 99 A9 % qaEedd &l eled
Fged F IUT g & THTT A" ATr a9l § WE AT ST,

gar-fagfa arw
T=El, AAHTT AT q9T 999 & SUIed agarell & e gaen
w1 fowmifres &9 F e ww dAE R T 2

TFAT (HBA) & fow Rarfeawr #iw wd s silRiw

fOger auf & 9EAm o0 O9W 9Rd aFr ¥ 9| g =i
AUH F T UTH AEdl AqEEl (TeET) q9T [ WEi UE o
AT ¥ YT AT RATeaw TFEU (HBA) it 99U ¥ qfq g e+
¥ FHARET #w [ AT, dex e, ARRE #Fger, "ie
AT /The? Ud AS 96T GYERy & S99 ¥ Jfw fagr omar g.
Fi F T KT T FEEN TF W AT A RErfeasr t=Eu (HBA)
A9 H SIST SATGT 7.




qTET Stea]e Aih e (s

31 WT¥, 2022 & TATH T9 & T @@ F AqGAT T T

IX.

XL

XIIL

21 o9, 2021 T ARSI SO+ 1237 a3 § e qiwE gwr &
TS G F URUHEEd, 2011 # TEE-1/THEHTE qRINET & o
oy ¥ 6078 @@ 'Y O FwET i &
AEMENTS /uaemsuadt fimares & o umemEuadt & Inee 9%
i 3% 2021-22 % @Al ® AFFAT & W g, TS F TR
Ffaa 2l

i ad 2016-17 & gREufR e 9 s ® ofgsw =w #r oSed
sfe & femmr I 81 TEE TH ST @Wrd ® gwrHa T
T gl Aifd # 9REdq zEfee T T o ;i sarHgeT &
Teagm™ v fiifes geaisd u% g w7 T9 Z7ar gy

HOTCHS ISl @Tar grm

frgar ad & deqedl AFsi F1 &l Fel AEFeTF  gal, [agied/

qAeaterd AT T 2l

aqg=aT 1| | 25 "W § T 31 HIE, 2022 H AT T S I
aE F FHATH T9 & U AT SR = @rd # us aAtve FEr

El
1 ¥ 25 et & QU geanr

EAA =9Y)

(TH . TE . JTT) (7. T Agr=ET)

37 o@r [ T ITEATTh IGEGED

TR/ FEET

o

Fd UA HY ISl U FUAT & fom,
L IRCICIED LY
THMUT 302081E

Hr.u. uw. H. FEE

L IE ALY

Jeodqr §&=97- 056514
UDIN:-22056514AQFPDU1746

EGIEDE

29.08.2022



2021-22 ¥ FATUF @A 9T
AETIEE F RO 9%
T TT FRATE Al RO
TEATT &7 ATH: 78T SResle oiF Faae v

s whe & feofi

T FLETE

A tfeme dtw gl e &
ot fAeon &1 dmr-srar R g, e
31 /T, 2022 % HF aew ofie SR |qwE
¥ & T s @Y =¥ grar e wreEr
A A @TdT, WEdqu SR St
F AN TAT T ATEATHE  SAHENI
Tt Bl

GICRERII

Tagd = O @Ewen #@ aAw #WT &
o PSeer ¢ ST 9=a § 9w S W
ATAT AW AL G FAFA AGRA TATH F
AE "@eA A A Fuf, i gwee
F Hel v Aoy g W@ O =W
e § A fEon & 3 siw
Ted F oo oy siaiaw e v
RSITeA, FATaa9 ¥ Y@@ aea g S
UF del T Avaer gew AT § ST Wifaw
THT A T qE g, ATe A8 drErgst Iv

qE F FET I

CICARERI

gal e & & 2w s st w®
A T =9 R FEwen w T oo
T TH TEIS[E AT ARE AFSecH AH
AT g S U wm weE zw oaiRfEw
F AT AUAT e FA 3T AERI
F forw smaemsw g fF 2w Afas smaegsrare
FT G F ST FAT aAT0 ST e
F AR T G H STa aramEd W oer
% & o=t fGawor amates @ fGEer
¥ A ¢ AT =i

uF Hifee ¥ fofiw faot & ofomt s
TFRFLT F AL § AfST HAIET WTH FA
F fou fFoaew o arfeer gy @)
FAT T TRATO FEmEE & AU qw
e wdft & ed O<fir faaon &
WifaFs Teq e F S|l #1smRA
AT ¥, ATg dg dr@rdgst AT A & HE
g, 39 SAMEH qeArdrAal w1 Fwd H, ol
s e ft I @ sta
gfafafees & oo gwfes siahe Fg=o
W fAEw war g S w@r 9
gtRaTel w® RSET & & om &EeE
o, wHF SEder #§ Suge o fir T

CICARERI




@R ATl i ITLHAT FT oI ST
EERE I LU AU L e e L
THeEraar & qrg-grg Ofw fGEeen #
THY TETT FT qoATha AT e g

TH Mg ¢ & gEe S dwrader arew
g BT 8§ 98 gETr SErairEr aF w
AT YEH FA & O 93O i IUTE
EL

4.(%)

TIT F FFT TIGAT T FAZTE TIT
Tg8T @Far T g1 A T av 2002-2003
01.04.2002 #7 @ral # f@FamEl d 61.21
T (Ufdgra® @rra) a@e g AT av
2002-2003 & TFT FT TF F FFT GITAT
7 @T 1T qRagT uT g geagra airET
FraT § ST 39F IFaia AT ST g
f@7r# 01.04.2002 #I Ofdgria® @vd 9%
2002-2003 # & & ToazTd FT FH THIT
37 gRETadl # [ f[@ERo #F F9T F

giatera @gl 7T sr awn

faw #FeTE, wRad avFET ZIRT
FFIET FFT F@ET [FEET 7
gral # AT €T & ST
Fa 2002-03 & TRETTI FT
FIZTE Fral § AT AT 8
o F FT F 7T TRIgT &

& qeagTT gerT @A AT g1

Fg7 2002/ FIAT A F [T
g # 1T ¥ U H TAZT
Fw % Fu F yIT  FAT
1

()

iz 3G 25 (ix) A7 [Fawor # fa7, Zea-
T (THFTE) RIS F 0 faw
fiosred’ @ 37 60.78 g FGT FOTLU FT
'\TFHETTS] FT INIEIA AT GTAT E, T
@ 21 sger 2021 &1 rFifora 123 & Taf77
FIStdeT #1 d3% FRT SqANT & T 31
a5 2022 F FHIT [@9T av # faw
fadir  [Rawor 7 g garalaw =TT
(AT 21) F TgT 'qIEFAT HIX TIIET F
&7 & f@grr 13T g

Sar & Ieadw AT TAT
TAfAT  FTEET  #F A #F
TRYTHETET 60.78 TTF TGT #1
T FUE & FgErT #F F7 H
arft T g

AT T 3udrh fewforat & erefiw siw
U g4aH S el @ g8 fiw oam
TR & oqEre, oy Faer 9wa §
qW dX T wHFd d@iEd Agiar ®
ATET UF Hgl A Ao gex u=qa wd
2l

i) 9TET TEISE AF TRIH df Rufd A
Joig ofte F AT H

31 ®TH, 2022 T GLHAT WIfqeht]

i) 3 ¥ =|AT WA F ATAS H, IH dAE
F THTT F9 F forw =@ren

i) W F TRA I¥ dRRG B FHE
T U IR YIaH E1d & qa Jl

CICARERI




q T FLAT AR AR Sraersara o7
e : -

()

AT T AAEET 3T TTEER A g i
g fFT & ST g "aH AW 8N
fram & g gard ST F 39T &
o sraemw o

CICARERI

(=)

AT T H ORI BT FA gl Sdferd
Sfod @@ qEas Tt W g, 5er oS

TEAHI Bl AT S F T gar @l

CICARERI

()

za RO g Fuemw T dE ofie six
T AT =mw F FEewr g f Bt F

=T 2

CICARERI




qTeT sfteale atw fawax fhiSe
F gag H

AT A9l qeeht F7 Widded
Yo @Tar

= fRan i fRue

T ATET sl e Al R Yo m B feot &1 amr-sar B g, e
31 ®T9, 2022 % & qa9 99 AT G9H AT & o0 A7 ¥ =T @rar i GHEr e e
GTAT 3T Agcaqul J@iwd Jadl Y o7 ATSATHE SATHHT T A oA

R faon & e ywew i S

Jaga = A foEwon & A #wd % o Rrew g S 9Ra ¥ d9Ers S aTel o die
R Rl s e o e 1 W T 2 A 20 O e O 2 PO e e 1 O e 7 o £ 40
TEId Fd gl T e # A fGEeen & @ ¢ wegia ® oo swRes st e
T RSTeq, #afaaq X w@EE aTfAa § ST UF d8r i Ao gew weqa #ar g siT wifd®
TIT FATA F qh g, ATg a8 eT@IeEl AT e F FT 2

JEQT qaEs it PR

AT e & & g9 e #ifRe & arae R zq foxfiw feawon ww ww = # gw IEEe
AR FATES AFTSad A AT g7 ST U M0 w2 = AfRfET & oqar ouar «@r aiem
FA Bl 3T AHHI & o smaemw g fF oW Afaw raewsdarsii &1 9rem #Y S AT a|rs 7
F@T THAT F qleh T A § 3tea smarew e g & e fewr awatas T EHeer |
T € AT R

T oEr ader ® A fGEeen & afot siw wESeRwr F o9 ® od’r "Jiew Wi #ed & o
Aoares afFamd emfaer gt g1 FqAT TS WhRATE cEmades & vy uw A st g R
fofr fawont & wifasw woq e & Sifadt 1 qeaisd orfae €, 9% 98 drErgst a1 gk &
FOT BT, 39 ANMGH FeATHRAT FT FIA |, T@T T G619 f qart o7 sta afafafaa & oo
g g e o e wwar @) ohfRafet § s dmr aher afearst wr e
T & fou AT e & 19 ud dEruder § SuART AT TS dGiwd Jiadi At SIIhar &
AT ST TEE FRT U T @i STATEl A qEwEraar & arg-arg i Fewen f oaww

TET T g o e 2
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TeT $feee T Yfdaw fhfore
U= @

31 HTH, 2022 d% P 3T Td YT QT

Elsei 2020-21 2021-22 FUGIGH 2020-21 2021-22
E3 £3 £3 E3
B URMNS S 37,75,155.70 2,02,55,219.70 | gRT URE @Il 15,57,45,335.00 19,02,68,130.00
& 91 @ra o R Wiaie UrH 3,39,80,078.00 4,24,29,143.00
BT AR BT REER 25,28,00,000.00 24.48,00,000.00 | TRT Tag-ARel 37,917.00 41,364.00
T Sfceye 3 o fhforeg
TIYRU @A GRT T3 U= o @i 11,99,297.00 14,21,888.00
& fafeam a1 wd aeeE 33,90,441.00 39,17,650.00 | gRT UM YH 4,87,47,101.00 3,34,02,924.00
Jrd D1 MR BT FHRSH
RT SAHR YIdH 1,17,96,438.00 1,46,49,816.00
B DR Y 1,17,96,438.00 1,46,49,816.00
gRT §% UHR 649.00 649.00
gRT 3/ : 2,02,55,219.70 14,08,771.70
CACISREIGE]
27,17,62,034.70 28,36,22,685.70 27,17,62,034.70 28,36,22,685.70
(e e (TH T SIFY) (3 §Y)
IEERED THR UTeaa s IU o FdEE
Fa .. 91 U9 . IoReR Frafag
TS AETH

FRN 302081E

(T HsTet)
BIEICAN

Hdl 9. 056514

HUY g3, 181 dd, I . 9,2,
Sit. <t WA=y, PiereTar - 700013
et : 20/08/2022




2021-22 F FT(OE Yo @Al I
FETITOEE F RO 9w
it T FATS A RAE

eI T ATH: 9787 3fResle siiw qfaae T

At alei i feoaf

N TS FRATS

AT 31 WM, 2022 9% HAET sReslE A
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AT YEH T & &0 9= T I

2l
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aTeT ifReare Aw =g e
& g9 H

WA o@T Oedi w7 Jiaaed
TSyt grar

= fRan i ~Rue

AT Al iRearE Aiw e hem s gas B fEen w1 aar-sanr & g,
s 31 AT, 2022 9F & qA9 9 T HETH 99 & U AT SiY =T @rar S WiedAr v
AT GTAT Y Aged QU od@ihd Aaal o 7T ATEATHE JFSET H7 qIqer o gl

e fFewn & g y&@gw i e

Jaega = A foawon & A #wd % o Rrew g S 9Ra ¥ d9Ers S aTel o die
RS i et R e ) e DO o s o O e B 2 P e O 66 e 1 B | O e £
TEId Fd gl TH e # A fGEeon & @ ¢ wegia ® oo swRe st e
FT oA, FATFaad 3T T@ErE Aaied g ST UE A@el S Avaer 39w weqa wear g v wifaw
TIq FAT F qh @, 9Tg a8 dI@regsr a1 qfe & H0 2l

Jgr TOgs it Sreerd

AT e & & g e #ifRe & arae R za foxfiw feawon ww ww = # gw IEEe
AF ATes AFM3ecd AT AT T ST Fu 0w =9 el & sqam ooar w@r adear
FA Bl 3T AEHI F o0 saed® g & g Afa® AaeTsdharsii &1 979 &Y T FSE1 aq10 i
FGT TheT 2 qrE = oa B 3T smamw e o F B ffavwr a=Ew o feer @
h & AT A=

T oEr ader ® A fGEeen & afodt siw wEdeewr F o9 B |’y "qiew W #ed & o
fAoares afkamd emfier 2t 81 AT S whkATe cmmades F ol uw A s 2 R
fofr fRawont & wifosw woq e & Sifadl #1 qeaisd orfae €, 9% 98 drErgst a1 g &
FE G, 3T FIEH qeATERAl FT FT H, @7 T0aF G\ i 93 i 3t=a wiatateea & oo
LGRS RGN D b e O i R s D B RN R 1 2 M B s ol ) R £ T 0 | M B S
Fd & forw Ay FEeer F 9m uF q@rudedr #§ SUART A7 T d@iwd Jifaat f SIghar & v
AR ST Jaed g0 0 M0 @i SqA{l ol Jehevaar & ara-qry fGa<ig GEon & a9
TEIMT FT qeAiwT ot atEe

TH UHd g TF ga ST S@Eradrer @rew Wi AT g a8 gET @ aier it gTon dl ST
TETH A & U 937d 3T SUI @l

T
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|Te1 §Reeye 3w gfFaar fisfora ufas i

31 |1, 2022 96 T ga- U
2020-2021 Igaeg 2021-2022 2020-2021 uf 2021-2022
w® U w ¥ U .. T
TS| &1 @TaT : foram:
47,30,58,762.00 |/9e8¢ @I @& /78I 219 13T 46,24,38,430.00 54,55,56,749.00 53,19,46,749.00
g
1,98,92,885.00 | T & GIRT7 Tawl &1 Gaeiar 1,81,15,245.00
3,72.85.750.00 | T & GI77 @feyd Gawgar 2,98,30,960.00
53,02,37,397.00
3,25,56,687.00 | T&&] & @I & T 13547 7197 &1t 3,19,96,250.00
3,25,56,687.00 7,99,42,455.00
FH:
1,14,70,000.00 | 3Flaa¥ &R 1,58,10,000.00
8,88,85.654.00 | T & GRT7 3ffaw fAger 6,72,34,179.00 97,58,118.00 [T &1 HBUI 85,06,998.00
10,03,55,654.00 8,30,44,179.00
-31,01,724.00
HfSfd STt Al Fa
TSI @TdT: 2,65,77,401.00 [UR &4 =151 2,51,06,346.00
Jffaafda 9y :
11,21,69,399.50 |SRes STHT 12,51,45,295.57 48,581.43 |Fd%1 R UM &A1 4,28,511.38
1,29.75,896.07 |SS : T8 & R SIS 8,11,778.54
HRAY ®e o, TS Aldhe
IRET & 1Y A1 /T
12,51,45,295.57 56,42,876.14 [—9 AR 1,93,05,175.73
58,75,83,725.57 58,52,93,780.11 58,75,83,725.57 58,52,93,780.11
(T HgTeTd) (THT DY) 3wl g
IRCRIED THTIY UTeaTu®, IRRER Srafad 37 AT s
TR e €8 $uT & forg,
TS AWTPR, FRN 302081E
(@I, BT

ATEER, TS HBI 056514

P gI3Y, Ugell HivTa, ST &R 9, 2, Wit wa=y,

HIABIET: 700 013
feeri: 29/08/2022




TeT sReege 3T gieaar

fisforemT wfasg (A1

31 HTH, 2022 B JATH 94 & fore Iera @rdr

2020-2021 g 2021-2022 2020-2021 3T 2021-2022
. T . U
gl & Wd & SH] ST
3.22.80,999.00 3.16,13,955.00 4.5261,019.07 | fo9 R O 4,28,93,171.51
0.00|9TS B! Wie R e 1,04,61,500.00
4,124.00[8P THR 5.937.97
1,29,75,896.07 | 3R 3R 8,11,778.54
4,52.61,019.07 4,28.93.171.51 4,52.61,019.07 4,28.93.171.51
Ay vgrEmafh) TH.UH. A& 3 )
IRLRIED YU UTeaTU e, IOER Srafaa 39 a1 s
T AETPR, FRN 302081E
(Tt FisTer)

TENeR, ST H&IT 056514

PO 5T, Ugdl HioTa, HHRT Aav 9, 2, Si.4ft. wa=y,
HIABTET: 700 013

feAi®: 29/08/2022




e sReeye it gferar
3 2021 A AT 2022 TF =T F1 SRR

fopfore ufesr Aty

ST

. ©g WHR ol TdHdTIRTS 9P BUIRT MREIPd dis | 4= &l aRi" ARSI Bl | A R| Te/mia Y | TSl STH] B DI AT T -
. (@ BT 50%) SICIEG] e . aiE .
1 TRDRI UIdHITT 2023 16-Dec-09 8.20% 55,00,000.00 10/5 -10/11] H/y- 2,25,500.00
10-Nov-23
2 TRDRI UIAHTAT 2024 18-Mar-10 8.20% 35,00,000.00 15/3-15/9] H/y- 1,43,500.00
15-Sep-24
3 TRDRI UIAHITAT 2026 16-Aug-10 8.00% 50,00,000.00 23/3-23/9]  H/y- 2,00,000.00
23-Mar-26
4 [SRRIUAYaar 2027 22-Dec-10 8.26% 4,65,00,000.00 2/2 - 2/8| Hly- 19,20,450.00
2-Aug-27
5 TRDRT UIdHITT 2022 7-Sep-11 8.13% 1,85,00,000.00 21/3-21/9]  H/y- 7,52,025.00
21-Sep-22
6 |WPRIED 22-Jan-20 17-Dec-29 7.22% 1,48,62,180.00
7 |HRAd TR 2026 (STTAT H) * 8-Apr-21 9-Jul-26 8.33% 70,00,000.00 09/01 - 09/07 H/y- 2,91,550.00
8 HRAR T 9T 2029 (STTHTCT H) * 8-Apr-21 1-Mar-29 8.95% 30,00,000.00 1-3 Y- 2,68,500.00
9 |HRGN W@TE M 2029 (STTHTCT H) * 6-May-21 12-Dec-29 7.64% 1,00,00,000.00 12-12 Y- 764000.00
10 |HRA™ @I 1A HB07 2027 (HRA IRDPR) 10-May-21 12-Feb-27 8.23% 50,50,000.00 12/8-12/2 Hy- 2078275.00
11 | SRR UaYyaar 2028 16-Jul-21 4-Jun-28 6.13% 1,00,00,000.00 4/6; 4/12 h/y-0306500.00
12 [RSRI WA 2035 9-Mar-22 15-Dec-35 6.67% 1,00,00,000.00| 15/6/ 15/12 hy
13,89,12,180.00
13 |98 ST oY [dhY BT (THS&YdTHSITd) 2026 11-Mar-16 24-Feb-26 8.88% 1,00,00,000.00 24/2 -24/8 | H/y- 4,44,000.00
14 |gUl THSl THUIEd 2023 8-Sep-16 5-Tun-23 8.25% 1,00,00,000.00 2/6-2/12 | Hly- 4,12,500.00
15 [TeHrId TR 3 THSIu 2028 13-Mar-17 28-Feb-28 8.17% 3,00,00,000.00 28/2 - 28-8 | H/y- 12,25,500.00
16 [$hRd THSITA 2028 17-Oct-19 11-Apr-28 8.00% 50,00,000.00 11/10 - 11/4 | H/y- 2,00,000.00
17 |3 TSiTd 2027 5-Sep-19 15-Mar-27 7.85% 60,00,000.00 15/3-15/9 | H/y-2,35,500.00
18 |S=gsl THSITA 2026 7-May-21 9-Aug-26 7.63% 1,00,00,000.00 9/8,-9/2 | H/y- 381500.00
19[S0 THSIUS 17/03/2031 12-Jul-21 17-Mar-31 7.14% 50,00,000.00 17/9; 17/3 H/y-178500.00
7,60,00,000.00
Y TRCIPd TS (P YIB! BT 10%) 21,49,12,180.00
1 |ofEw sre fowita 9gaiT (WBFC) 10-May-13 1/30/2023 9.65% 24,00,000.00 30/1-30/7] Hly- 2,89,500.00
30:40
2 |3HTY UGR UTaR BIgd DR 15-Nov-10 15-Nov-22 8.74% 70,00,000.00 1/4-1/10]  Hly- 3,05,900.00
3 ISR I IS URAgH 26-Nov-12 9.70% 60,00,000.00 1/5- /11| Hly- 7,27,500.00
11/22 (40%)
4 ESIEAERICIRRE] 24-Jan-13 16/11/20(30%) 9.80% 1,47,00,000.00 15/10
16/11/21(30%)
16/11/22(40%)
5 dIHTg Ulgl 3R TRl 20-Feb-15 18/12/22 (30%) 9.20% 90,00,000.00 18/6 - 18/12| Hly- 4,14,000.00
IR (TANGEDCO Ltd.) 2024 18/12/23 (30%)
18/12/24 (40%)
6 |ISTRIM T fdggd IdiGH H TS 21-Sep-15 9.00% 30,00,000.00 24/6 - 24/12  Hly- 1,35,000.00

24-Dec-26




3.9 TR 7 ferface

30-Jan-18

26/01/26 (25%)
20/04/26 (25%)
20/07/26 (25%)
20/10/26 (25%)

9.75%

1,50,00,000.00

19/1 - 19/4
19/7 - 19/10

Qrtly.-
3,65,625.00

5,71,00,000.00

27,20,12,180.00




ST

TSI T AT & ST/t et (Po U BId &1 | Fyaw1 31 arra TR @1 | aw x| G/ TUAE| AW aRA BT T S
45%) BRI i . BRI
L |erdumsitens fafies 2026 5-Dec-12 1-Aug-26 10.75% 60,00,000.00 1-8] Y- 6,45,000.00
2 |oTR BIEAT SRR &1 2024 11-Oct-18 29-Dec-24 8.65% 1,50,00,000.00 29/12| Y- 12,97,500.00
3 |orR wrEAT SRR &1 2024 19-Jun-19 25-Sep-24 9.25% 1,80,00,000.00 25/3] Y- 16,65,000.00
4 | oESumH fafes Tl (SmeSuwHt Uil 11/2016) 06/01/2023 20-Jul-15 6-Jan-23 8.73% 1,50,00,000.00 97| Y- 13,09,500.00
5 |omeor fagga A 2027 (SRS ET 2027) 11-Apr-18 10-Dec-27 7.70% 1,00,00,000.00 12-12|  Y-7,70,000.00
6 [umfior fagga e 2027 (SRS 2025) 17-Oct-19 12-Jul-25 8.75% 1,20,00,000.00 12-7| Y- 10,50,000.00
7 |eAd-ga TR Foe fafies 26-Jul-17 11-Jul-22 7.72% 1,00,00,000.00 11-7|  Y-7,72,000.00
8 |uRd ®e §& 2028 31-Jan-19 11-Feb-28 8.90% 1,00,00,000.00 2-11) Y- 8,90,000.00
9 [emERR 2029 6-May-21 8-Mar-29 8.97% 50,00,000.00 28/3 Y- 448500.00
10 [amafh030 5-Aug-21 15-Jun-30 7.96% 2,00,00,000.00 22/1  y-15,92,000.00
11 (gt 2028 6-May-21 25-Mar-28 8.94% 60,00,000.00 25/3 Y- 536400.00
12 |Sfueiet Ugn025 6-May-21 10-Mar-25 8.83% 50,00,000.00 10-12 Y-441500.00
13 |diewdt 2031 16-Jul-21 22-Jan-31 7.00% 5,00,00,000.00 221 Y-3500000.00
14 |digwdt 2032 20-Dec-21 22-Jan-31 7.00% 5,00,00,000.00 221 Y-3500000.00
23,20,00,000.00
! Tarifa ared R @t Higsy fAfer sifqw sdiewa X 434569.00 =. &1 10-Dec-21 10-Dec-22
AT & TSR &b TR e & TS § o fosan mar §) 4.90% (QETET, 434569+ T ¥21688= & 456257) 434569.00
a_\;: Tgd s | AR (G DB &1 a9 5%) Invz::s::t sa qg
1 |ugeternd Aww Soig Wy 15-Sep-17 25,00,000.00
2 |oodieng 3 gsfas Bhe (i 26-Jun-18 25,00,000.00
30 |omgHfengdiens s ok 3¢ Bhs (ol 21-Jun-18 50,00,000.00
4 |enfe farsar v aew giee grfers o) 26-Tun-18 50,00,000.00
5 |dium Soite veaiew Bs (o 26-Jun-18 50,00,000.00
6 |Rary s eRfvs v (o) (gdad v Sfear tiuw) 26-Jun-18 50,00,000.00
7 |odtend sfedt gefae te (o) 23-Oct-19 25,00,000.00
2,75,00,000.00
Fa gidwiferal - 53,19,46,749.00
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1. AgaqO @@ ATt
(F) o@T TEHAT:
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@) fHaer:
aer AT 9 geEaE gl

2. 93541k @Td H AW e 45,93,36,706.00 % . 2|

3. fger o F sifehel dT el FEl a9 E g AN i /AT qAeAatedd R

i
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TR FEET

UHT F9S(t U H9Al,
ALl AGTHTT
TFATUT 302081E

(. =, FETAT)

IEIELRS

IEIdrT gE&T 056514

FIAH IS, Tgedl Hioe, FHL &< 9,
2, ST # . waeg, wewar - 700013
FIARTAT - 700013

A 29/08/2022




2021-22 ¥ aFTuw gieey [fa @t
RS LG EA - A T Y e £
T TT FRATE Al RO
TEATT &7 ATH: 78T SResle oiF Faae v

s whe & feofi

T FLETE

gaq iftese wiw g e aiEsr
At % s fEon w1 Swr-siar B
g, Ped 31 919, 2022 9% #T S| offe s
THTH a9 & {0 oM T =47 @Er i}
T 3T A @I, Aged Ul adis
it &1 Gg AT A ATEATHE
ST 9Tae 2

GICRERII

Tagd = O @Ewen #@ aAw #WT &
o PSeer ¢ ST 9=a § 9w S W
ATAT AW AL G FAFA AGRA TATH F
AE "@eA A A Fuf, i gwee
F Hel v Aoy g W@ O =W
e § A fEon & 3 siw
Ted F oo oy siaiaw e v
RSITeA, FATaa9 ¥ Y@@ aea g S
UF del T Avaer gew AT § ST Wifaw
THT A T qE g, ATe A8 drErgst Iv

qE F FET I

CICARERI

gal e & & 2w s st w®
A T =9 R FEwen w T oo
T TH TEIS[E AT ARE AFSecH AH
AT g S U wm weE zw oaiRfEw
F AT AUAT e FA 3T AERI
F forw smaemsw g fF 2w Afas smaegsrare
FT G F ST FAT aAT0 ST e
F AR T G H STa aramEd W oer
% & o=t fGawor amates @ fGEer
¥ A ¢ AT =i

uF Hifee ¥ fofiw faot & ofomt s
TFRFLT F AL § AfST HAIET WTH FA
F fou fFoaew o arfeer gy @)
FAT T TRATO FEmEE & AU qw
e wdft & ed O<fir faaon &
WifaFs Teq e F S|l #1smRA
AT ¥, ATg dg dr@rdgst AT A & HE
g, 39 SAMEH qeArdrAal w1 Fwd H, ol
s e ft I @ sta
gfafafees & oo gwfes siahe Fg=o
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PREFACE

Right now we are a group of approximately 70 Scientists and Engineers,
175 students and postdocs, 212 Auxiliary, Administrative and Technical
category people and about 150 ‘outsourced’ staff.

During last year, we have published 383 papers, which is nearly one paper
per day, almost equally partitioned between publications through large
International Collaborations and regular articles.165articles have been
published in journals having impact factor (IF) >5 while the average IF
is4.735. Also, 27 students were awarded PhD degrees in the last year.

Prof. Satyaki Bhattacharya, High Energy Nuclear and Particle Physics Division, has been
elected to the Fellowship of Indian Academy of Sciences, Bengaluru under the Physics
section.

Dr. Oishee Chakrabarti, Biophysics and Structural Genomics Division, has been elected to
the Fellowship of the National Academy of Sciences, India (NASI).

Work done by Dr. Sangram Bagh and his team on creating the first Artificial Neural
Network (ANN) with genetically engineered cells made the Front Cover Page of the Chemical
Science (Vol. 12 No. 48, Dec 28 2021). Chemical Science is one of the most reputed journals
in general chemistry.

The Academic Council of HBNI has conferred the Outstanding Doctoral Student Award-
2020 in Physical Sciences to Dr. Avik Banerjee of Saha Institute of Nuclear Physics, who
completed his Ph.D work under the guidance of Prof. Arnab Kundu.

As a major accomplishment of the Institute, the 3 MV FRENA (Facility for Research in
Experimental Nuclear Astrophysics) high current accelerator has been installed
successfully at the Saha Institute of Nuclear Physics campus. The accelerator has been
calibrated satisfactorily in terms of energy using neutron emitting nuclear reactions. The
facility is waiting for the required AERB clearance for operation. Once that is done the
machine will be ready for doing experiments as a national facility.

o O ;/\" s
March31, 2022 Prof. Gautam Bhattacharyya

Director
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Research Output in terms of Publications of Scientific Articles

(1st April 2021 — 31st March 2022)

In this period 383 scientific articles (of which 129 are with international collaborations)
have been published in 122 science journals whose average Impact Factor is4.735.
Among these, 165 scientific articles (of which 86 are with international collaborations) have
appeared in journals with impact factor>= 5 and 111 articles (of which 61 are with
international collaborations) appeared in journals with impact factor> 6.

300 +

200 -

100 4

129

Research Output of SINP

in terms of Publications of Scientific Articles

With International Collaboration

Numberof Publications

Without International Collaboration

withIF 2 5

withIF = 6

Total Articles Published: 383

Total list of publications is available at http://www.saha.ac.in/ web/ annual-report

Publication in Last 3Years:

With Number | Average IF > 5 IF > 6
Year Total International of Impact
Collaboration (IC) Journals | pactor (IF)  Total IC | Total IC
2020-21 | 368 133 121 4.794 143 | 66 | 50 |15
2019-20 | 421 153 143 4.255 110 | 66 | 75 |38
2018-19 | 524 256 137 4.175 152 | 113 | 49 |32
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Highlights of Research Activities
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Group A

Research Areas
Structure and function of biological macromolecules, Disease, Computational and Synthetic
Biology, Chemical Sciences and Nanotechnology

Group-A is involved in diverse research activities to address the structural and functional
relationships of biomolecules at the molecular level, as well as in the cellular context, and
their perturbations in response to various factors leading to plethora of diseases. A major
emphasis of the activities is to elucidate the underlying mechanisms of various disorders
including infectious diseases, neurodegeneration, laminopathies, diabetes and cancers, in
order to identify novel therapeutic targets and vistas through multi-dimensional and cross-
platform approaches. Furthermore, synthetic biology approach is used to study the
correlation between electronic and gene regulatory networks and their applications in space
bioengineering, designing novel biological function, biocomputation and programmed
therapeutics. Also, novel nano-materials are developed for a range of therapeutic and
diagnostic applications.

Major Research Facilities

Protein expression, Incubators, Stackable Shakers, centrifuges (including high
purification, detection, | speed ultracentrifuge), FPLC, Typhoon Trio, Zetasizer
characterization and Dynamic Light Scattering system, Isothermal Titration
interaction studies Calorimetry, BiaCore Surface Plasmon Resonance

Spectroscopy UV-visible spectrophotometer, Steady-state and Time-resolved

Flourimeter, Single molecule fluorescence set-up, Circular
Dichroism Spectrometer

Imaging Facilities Zeiss Confocal microscope 710 with FCS attachment, Nikon
Super resolution Microscope, Zeiss Axio-observer, Laser
Capture Microdissection System, Atomic Force Microscope

Cell Culture Biosafety level 2 cell culture facility, inverted microscopes,
Rotary Cell Culture System (microgravity), Multi Detection
Microplate Reader

Cell sorting Flow Cytometers (BD FACS Calibur and FACS ARIA II)

Mass Spectrometry MALDI TOF/TOF, Waters Xevo G2 Electro Spray lonization
QTOP with Acquity UPLC, Agilent Head-space GC coupled
with EIMS Chromatography

Structural Biology Cryostream Cooler, X-ray Diffraction System (Incoatec)

High Throughput NextGen Ion Proton Sequencer

Sequencing

Electrophysiology Nanion Port-a-Patch set-up with internal perfusion system,

amplifier, Vesicle Prep-Pro for Giant Uni-lamellar Vesicles
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Research Activities

Structure and function of biological macromolecules

i.

ii.

iii.

Biofilm formation in Vibrio cholerae, critical for its environmental survival and
transmission, is controlled by
the second messenger bis-(3'-

. . . . B REC domain
5)-cyclic  dimeric  guanosine B A domain
monophosphate (c-di-GMP). o

Intracellular concentration of c-

di-GMP is tightly controlled by

the co-ordinated action of two C.di-GMP
groups of counteracting E
enzymes. Crystal structures of 9 —
these have been solved; these g

provide further mechanistic
details of c-di-GMP degradation.

VpsR, the master regulator of
biofilm formation in Vibrio
cholera. Interestingly, transcription from biofilm biosynthesis promoter is detected
but the exact process of transcription activation remained elusive, largely due to the
lack of the structure of VpsR. Solving the crystal tructures,we propose that c-di-GMP
mediated tethering of VpsR could likely favor generating the specific protein-DNA
architecture for transcription activation.

Macromolecular crowding along with hydrogen bonding or stacking interactions and
hydration reportedly has enormous repercussions on elementary biochemical
processes, such as the folding of proteins or nucleic acids involving the stability of
DNA base pairing. By using the mismatch induced DNA bubble, the complex
interplay of macromolecular crowding on the dynamical fluctuations at the bubble
region within the thermodynamic limit has been monitored using single-molecule
fluorescence resonance energy transfer (sm-FRET). These single-molecule
experimental results have been further corroborated using physical models to predict
the biological activity of DNA. The two-state fluctuation of the DNA bubble has been
visualized as a function of the nature, size, and concentration of the crowder. The
influence of crowders on the DNA conformation has been investigated. This study
provides an idea and hypothesizes the preferential propensity of the DNA bubble to
adopt a conformation with the single-stranded domains being far apart, independent
of the crowder size, which may be beneficial for efficient recognition by proteins for
an uninterrupted procession of the biological process of the central dogma.

At present research efforts are aimed at understanding structural basis of enzyme
action of L-asparaginase. L-asparaginase is a chemotherapeutic drug approved for
childhood leukemia. An understanding of the structure-function-instability of the
drug can potentially aid in (a) defining the fate of active drug in the plasma, once it is
injected. An enhanced understanding can lead to protein engineering effort(s) to
design better version of the existing drug. In addition, the group is involved in
probing interactions of the bacterial protein, azurin with cellular partners that may
be correlated with the potential anti-cancer activity of the protein.
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Magnesium is the most abundant divalent cation present in the cell, and an
abnormal Mg2+ homeostasis is associated with several diseases in humans. However,
the mechanisms of regulation and transport of Mg2+ are poorly understood. MgtE is a
homodimeric Mg?2+*-selective channel and is

negatively regulated by high intracellular ( =) \ / = )
Mg2* concentration. Most of the previous i -

biophysical studies on MgtE have been
carried out in detergent micelles and the

information regarding gating-related
structural dynamics of MgtE in
physiologically-relevant membrane

environment is scarce. We show that Mg2+-
induced gating possibly involves a
'conformational wave' from the cytosolic N- A e
domain to transmembrane domain of MgtE.

The results highlight the importance of lipid- —
protein interactions and are relevant for understanding gating mechanism of
magnesium channels in general and MgtE in particular.

D Healthy Uver

6-tubulin, a member of tubulin superfamily, is found in a subset of eukaryotes
including human where it has a role in centriole maturation. The mutation in the
gene results in a disorganized microtubule triplet arrangement leading to formation
of defective centriole. Interestingly, the mRNA level of 6-tubulin remains unchanged
throughout the cell cycle, though the protein level varies periodically with a
significantly higher expression in S-phase implying regulation at the level of
translation. The microtubule associated protein (MAP4) interacts with &-tubulin at
the gene as well as protein level, suggesting the role of MAP4 in modulation of both
abundance and function of 6-tubulin.

Guanine (G)-rich RNA sequence folds into the RNA G-quadruplex (rG4) structure. In
our study, we have identified the presence of a G-rich RNA sequence on the human
cIAP1 (Cellular Inhibitor of Apoptosis Protein 1) gene. Formation of rG4 structures
has been computationally predicted and confirmed by Circular dichroism (CD)
measurement with the synthetic RNA molecules. In cell reporter assay with the
luciferase reporter plasmid containing the wild-type and various mutated versions of
the cIAPI reveals the positive regulation of protein translation by the rG4-forming
sequence. Further studies are being conducted in our laboratory to establish the
molecular details of the phenomena.

Ku, a heterodimer protein, is well-known for its role in DNA repair. In addition, it is
involved in other important cellular processes including in replication initiation. We
have previously shown that the phosphorylation of Ku70 by the kinases inhibits its
interaction with replication origin, resulting in prevention of re-replication during S,
G2 and M-phases. Based on our recent findings we hypothesize that change in
ubiquitination of Ku70 during cell cycle affects DNA replication.
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Disease Biology

1.

ii.

iii.

Hepatitis B virus (HBV) is the leading cause of liver disease ranging from acute and
chronic hepatitis to liver cirrhosis and
hepatocellular carcinoma (HCC). Studies have

revealed that HBV infection broadly reprograms JJJJ.;%JJJ.x

LU (1]

the host cellular metabolic processes for viral ..,....m.‘\\-_ o
pathogenesis. Previous reports have shown that t ~ £y
glycolysis and gluconeogenesis are among the J’J.J'J.g J-’?J -J.
most deregulated pathways during HBV SATi—, teststockl | (D ~— suancaor

. P N
infection. In this study, we report a novel JJJ ) _Jg sj:j 3 )

mechanism of epigenetic reprogramming by

HBV. Interestingly, Speckled 110 kDa (Spl110) !:::.' A .
driven regulation during HBV infection was j J J@ J J_
found to promote viral-borne HCC progression. : i \su:m;

Moreover, Spl110 can be used as a prognostic r

marker for the hepatitis mediated HCC patients, - —
where high Spll0 expression significantly

lowered their survival. Thus, the epigenetic modification protein Sp110 has potential
to be a therapeutic target to challenge HBV-induced HCCs.

Hyperthermia inhibits DNA double-strand break (DSB) repair that utilizes
homologous recombination (HR) pathway by a poorly defined mechanism(s); however,
the mechanisms for this inhibition remain unclear. Here we report that hyperthermia
decreases an epigenetic modification essential for genome stability and transcription.
Heat-induced reduction in a specific epigenetic modification was detected in
humans, Drosophila, and yeast, indicating that this is a highly conserved response.
Thus, hyperthermia impacts chromatin organization owing to epigenetic regulation,
thus negatively affecting the HR-dependent DSB repair.

At the backdrop of cell proliferation that happens in cancer, our research follows two
avenues: neurodegenerative Alzheimer’s disease (AD) and demyelinating
Neuromyelitis Optica (NMOsd). While the alterations of protein coding genes are well
studied in AD, those of the oncogenic non-coding RNA landscape is novel. Our works
have been shedding light on the receptor tyrosine kinases (RTKs), their dysregulation
and downstream signalling. We are gathering evidence to implicate linked sets of
RTKs and various oncogenic non-coding RNAs that could possibly change the way we
look at AD. In the near future, we would like to focus on the conclusive proofs of the
pathways leading to downstream regulation and their interplay. We intend on further
investigating the roles of specific oncogenic non-coding RNAs in the
neurodegenerative disease, AD and develop an axis of correlation between the two.

In case of NMO, a rare autoimmune disorder that affects the brain and spinal cord,
we could show that upon exposure to NMO sera containing aquaporin, AQP4 auto-
antibodies, the glioma cells undergo morphological alterations and shrinkage. To
understand the underpinning regulation in a more realistic backdrop, we have
established a differentiated glioma disease model and in the immediate future Next
Generation Sequencing (NGS) will be done to determine the differential expression
profiles of microRNAs.
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Studies are on-going to analyse the metabolic reprogramming associated with stress
response in cancer and normal cells. Investigation is also underway to elucidate the
role of atypical nutrients in cancer cells. Metabolic profile associated with
malnutrition in mouse model and cancer patients are also being studied. Also,
metabolic derangements as a result of COVID-19 infection are being investigated.

Mutations in Mitofusin2 (MFN2), a mitochondrial membrane protein is associated
with the pathology of the debilitating neuropathy, Charcot-Marie-Tooth type 2A
(CMT2A). One such abundant MFN2 mutant results in the generation of elongated,
interconnected mitochondria. However, the mechanism leading to this mitochondrial
aberration remains poorly understood. We provide a mechanistic insight into
mitochondrial hyperfusion. Such hyperfused mitochondria are also predisposed
towards stress and undergo rapid breakage or fission upon induction of mild stress.
We further report that presence of the MFN2 mutant makes cells susceptible towards
stress, thus negatively affecting cellular health.

Most of the mitochondrial proteins are nuclear genome encoded and these need to be
efficiently imported into the mitochondria. These nuclear encoded mitochondrial
proteins are imported into mitochondria through well orchestrated translocation
machineries located in the various sub-compartments of this organelle. Defects in
mitochondrial protein import are associated with various human diseases (like
deafness-dystonia syndrome, Huntington’s disease). Although mitochondrial protein
import is essential for mitochondrial functions, little is known about cellular
responses to defects in this process. Import stress can cause the accumulation of
mitochondrial precursor proteins. This would activate protective regulation, failure of
which leads to selective autophagy.

Computational Biology

Our research involves understanding the structure, function and dynamics of complex

biological systems with a focus on natural and artificial enzymes, drug-target proteins
and molecular machines using computer simulations. Presently the research activity is
directed towards understanding the origin of enzyme catalysis and computational
enzyme design using multiscale Quantum Mechanics/Molecular Mechanics simulations.
A specialized computing facility for performing multiscale simulations is being set up and
optimized at the Institute, which is essential to study complex biological phenomena. We
are investigating a highly efficient artificial Zinc-metalloenzyme to understand the
underlying physical principles and complete reaction pathway of their remarkable
catalysis.

Synthetic Biology

1.

Reversible computing is a nonconventional form of computing where the inputs and
outputs are mapped in a unique one-to-one fashion. Reversible logic gates in single
living cells have not been demonstrated. Here, we constructed a synthetic genetic
reversible Feynman gate in single E. coli cells, and the input-output relations were
measured in a clonal population. The inputs were extracellular chemicals, and the
outputs were two fluorescence proteins. We developed a simple mathematical model
and simulation to capture the essential features of the circuit and experimentally
demonstrated that the behavior of the circuit was ultrasensitive and predictive. We
showed an application by creating an intercellular Feynman gate, where input
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information from bacteria was computed and transferred to HeLa cells through. The
introduction of reversible logics in synthetic biology is new, and given that one-to-one
input-output mapping, such reversible genetic systems might have applications in
sensing, diagnostics, cellular computing, and synthetic biology.

ii. We adapted the basic concept of artificial neural networks (ANNs) and experimentally
demonstrated a broadly applicable single layer ANN type architecture with molecular
engineered bacteria to perform complex irreversible computing like multiplexing, de-
multiplexing, encoding, decoding, majority functions, and reversible computing like
Feynman and Fredkin gates. Reversible computing was experimentally implemented
within living cells for the first time. We created cellular devices, which worked as
artificial neuro-synapses in bacteria, where input chemical signals were linearly
combined and processed through a non-linear activation function to produce
fluorescent protein outputs. To our best of knowledge this is the first adaptation of
ANN type architecture with engineered cells. This work may have significance in
establishing a new platform for cellular computing, reversible computing and in
transforming living cells as ANN-enabled hardware.

iii.  Another work presented an application of genetic distributed computing, where an
abstract computational problem was mapped on a complex truth table and solved
using simple genetic circuits distributed among various cell populations. Maze
generating and solving are challenging problems in mathematics and computing.
Here, we mapped all the input-output matrices of a 2 X 2 mathematical maze on a 4-
input-4-output truth table. We created six multi-input synthetic genetic AND gates,
which distributed among six cell populations and organized in a single layer. Our
system not only solved the maze problems but also showed the number of solvable
and unsolvable problems. This work may have significance in cellular computation
and synthetic biology.

Chemical Sciences and Nanotechnology

We quantitatively investigate the role of grain-boundary and grain size in the
electrocatalytic activity of our recently synthesized shape-engineered nanomaterials
(like, bud-shaped AuNP50 to bloom or flower-shaped AuNP75 to over-bloomed
AuNP150) and differential grain-boundary enriched anisotropic flower-like gold
nanostructures for the hydrogen evolution reaction (HER). All the synthesized
anisotropic gold nanoparticles and especially the AuNP75 exhibit outstanding catalytic
activities toward HER in different pH media compared to that of normal spherical-
shaped gold nanoparticles in similar physical conditions. Also, an efficient
nanobioconjugate has been developed as electrode coating material by self-assembling
our newly reported porous Au-seeded (gold)-Ag nanorod (silver) networks for the early-
stage specific detection and quantification of Dengue virus (serotype 2). Despite the
structural similarity between virus particles of different dengue serotypes, we can detect
the most prevalent DENV-2 specifically by using our nonenzymatic nanobioconjugate
assay for the first time through the impedimetric technique. The key achievement of
this study lies in its ability in the direct detection of DENV-2 serotype without the aid of
an enzyme or antibody in dengue infected blood.
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Group B

ResearchAreas

Nonlinear phenomena in Plasmas, Quantum Optics and Atomic Spectroscopy, Structural
phases and defects, Nuclear Physics, Physics at TeV energy scale, Very high energy
Gamma-ray Astronomy, Radiation Detectors, Facilities - FRENA and JUSL

The research activities of the group are spreading over a wide energy range of eV to TeV.
The experiments are being carried out in SINP laboratories and at various national and
international accelerator centres. The major research areas of the group can be categorized
as follows:

= Study of nonlinear phenomena in a variety of plasmas

= Quantum optics and atomic spectroscopy

= Probing the structural phases, structural defects and their evolutions

= Accelerator based nuclear physics

= Physics at TeV energy scale

= Research and development of radiation detectors and their applications

In addition, the group is responsible for commissioning and utilization of two national
facilities

» Facility for Research in Experimental Nuclear Astrophysics (FRENA)

= Jaduguda Underground Science Laboratory (JUSL)

Research Activities

Studyofnonlinearphenomena in a variety of plasmas

Theoretical studies are being carried out on nonlinear phenomena related to various kinds
of waves and instabilities that are excited in plasmas. In the framework of generalized
hydrodynamic equations, propagation characteristics of collisional drift wave in an
ultracold neutral plasma (UNP) are studied with the aim of investigating the effect of strong
coupling effects. In presence of space charge debris, solutions of forced Kadomtsev-
Petviashvili equation reveals bending of solutions with the curvature depending on the
debris function. High frequency electrostatic drift wave propagation has been modelled by a
thrid order nonlinear evolution equation that is analyzed using various nonlinear
techniques.

Quantum optics and atomic spectroscopy

Design and planning for the Magneto-Optical Trap (MOT) for cold Rubidium atoms
With a number of experiments in mind, we have started planning and designing a magneto-
optical trap (MOT) for Rb atoms in SINP. In our MOT, the combination of opposite helicity
polarizations of six off-resonant laser beams and the splitting of energy levels due to an
anti-Helmholtz magnetic field will create a position dependent force which will push the
atoms towards the center, thereby cooling and trapping a group of Rb atoms both in the
velocity space and the position space. Ultimately the atoms will acquire very low kinetic
temperature in the micro-Kelvin range. We have completed the entire design of assembling
the MOT chamber with the vacuum pumps and determined the parameters for the anti-
Helmholtz coil to get the required trapping field gradient. Presently the MOT chamber is
installed on the vibration isolated optical table, the turbo molecular pump is fitted and we
have achieved an initial pressure of 2 x 10-8 mbar.
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Probing the structural phases, structural defects and their evolution

Crystal structure properties of Nd-doped HfO::

Crystal structure properties in bulk pure and Neodymium (Nd) doped HfO, for Nd
concentrations of 5, 7, and 10 at% have been studied through atomic scale time-differential
perturbed angular correlation (TDPAC) measurements using 181Hf probe in order to
determine the evolution of orthorhombic phases with Nd concentration. It is found that for
5 at% Nd doped HfO,, the monoclinic phase with space group P21/c and the orthorhombic
phase with space group Pca21 are dominant (~42% each). Here, two other orthorhombic
phases with space group Pbcm and Pbca are also found to be present as minor fractions
(~8% each). Observation of a large fraction of the non-centrosymmetric orthorhombic phase
with space group Pca21 is significant as it is known to be responsible for ferroelectricity in
HfO,. In pure HfO,, mainly the monoclinic phase with space group P21/c (~90-95%) and an
orthorhombic phase with space group Pbca (~5-10%) were found to be stabilized. In pure
HfO,, the non-centrosymmetric Pca21 orthorhombic phase was not observed while it is
observed in Nd doped HfO, sample. Detailed analysis of results are continuing. All TDPAC
measurements at room have been carried out in our PAC laboratory using the four detector
LaBr3(Ce)-BaF2 set up. The different Nd-doped HfO. samples were prepared at VECC,
Kolkata, in collaboration with the Radiochemistry Division.

TDPAC studies in intermetallic ZrV2 system:

The intermetallic system ZrV2 has been prepared in argon arc furnace in order to
characterize the compound by time differential perturbed angular correlation (TDPAC)
spectroscopy using the 181Hf probe. The ZrV2 is an important hydrogen absorbing material
and Ti, Ni are common dopants to improve the hydrogen absorbing properties. Laves
phases (ABy) are alloys whose metal hydrides have been proposed to improve the energy
density of Ni-MH batteries. The TDPAC Measurement at room temperature has been
performed wusing the four detector TDPAC spectrometer with LaBrs(Ce)-BaF. setup.
Preliminary results show that it has four frequency components corresponding to four
electric field gradients (EFG) at the Ta impurity site. Detailed analysis of results is in
progress. Origin of these four frequency components will be investigated by comparing with
the calculated EFG by density functional theory.

Positron annihilation studies of polymer membrane samples

Positron annihilation spectroscopic laboratory resumed its activities in the middle of the
year 2021-22 under review and two experiments could be completed. Vacancy type defects
in Bi-doped NiFe,O4 were characterized and their role in the spinel properties of the doped
compounds could be examined. It appeared as if a structural transformation to a normal
spinelconfiguration is on its way under increased substitution of Ni by Bi. In the second
work, the dynamics of large open volume defects in Asahi and Saint Gobain grade glass
samples, which are used as electrode materials in resistive plate chamber detectors in high
energy neutrino physics experiments, were investigated. Calcium atoms appeared to
segregate around the defects and receded to the bulk matrix under prolonged aging and
under isochronal annealing.

Nuclear Physics

The members have been successfully continuing their activities in Accelerator based
Nuclear Physics (In-Beam gamma spectroscopy and Reaction studies) using National and
International Accelerator Facilities and analyzing the data obtained from earlier
experiments at these centers.
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Observed evidence of sterile neutrino through pioneering Table-top experiment at
SINP laboratory, Kolkata, India

In 1967, Bruno Pontecurvo introduced first “sterile neutrino” which can interact only via
gravitational interaction and some unknown interaction. Thus it can be detected through
the effects generated by their mixing with active neutrino. We (probably) first showed direct
evidence of the sterile neutrino. An anomaly has been observed around the endpoint of the
measured B-spectrum of second unique forbidden transition of 138La(5*). The data has
been analyzed in the light of Fermi-Kurie (FK) plot and an extra component around the
endpoint energy has been observed at a 3o level of statistical significance. The probability of
observing that extra component with respect to beta events are same in a number of
repeated experiments and the fitted parameters of the extra strength with Gaussian shape
around endpoint energy are within the error of 99.7% confidence limit. All possible
tentative explanation in the light of atomic, nuclear and neutrino physics have been
discussed. A favourable tentative explanation could be existence of the sterile neutrino.
The present data analysis provides mass limit, along with active-sterile mixing ratio. A
figure of this article has been highlighted in the cover page of the journal of Physics G.
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Fig. [left] Experimental FK plot for !38La decay, [right] Correlation plot between sterile
neutrino masses square and active to sterile neutrino mixing ratio.

Neutron capture cross sections of light neutron-rich nuclei on the quest of r-process

The r-process is responsible for nucleosynthesis of half of the heavy elements. Yet the
process is not fully known and various models try to predict the details. One of such model
is neutrino driven wind model. In the quest of r-process abundances, according to the
neutrino-driven-wind model, light neutron-rich unstable nuclei may play a significant role
as seed nuclei that influence the abundance pattern. Hence experimental data for neutron
capture cross sections of neutron-rich nuclei are needed. Coulomb dissociation of
radioactive ion beams at intermediate energy is a powerful indirect method for inferring
capture cross section. As a test case for validation of the indirect method, the neutron
capture cross-section (n, y) for 14C was inferred from the Coulomb dissociation of 15C at
intermediate energy (600 MeV). A comparison between different theoretical approaches and
experimental results for the reaction is discussed. We report for the first time experimental
reaction cross sections of 28Na(n, y), 29Na, 29Na(n, y), 30Na, 32Mg(n, y), 33Mg and 34Al(n,
y), 35Al. The reaction cross sections were inferred indirectly through Coulomb dissociation
of 29,30Na, 33Mg and 35Al at incident projectile energies around 400-430 MeV using the
FRS-LAND setup at GSI, Darmstadt. The neutron capture cross sections were obtained
from the photo-absorption cross sections with the aid of the detailed balance theorem. The
reaction rates for the neutron-rich Na, Mg, Al nuclei at typical r-process temperatures were
obtained from the measured (n, y) capture cross sections. The measured neutron capture
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reaction rates of the neutron-rich nuclei, 28Na, 29Na and 34Al are significantly lower than
those predicted by the Hauser-Feshbach decay model. A similar trend was observed earlier
for 17C and 19N but in case of 14C(n,y) 15C the trend is opposite. The situation is more
complicated when the ground state has a multi-particle-hole configuration. For 32Mg, the
measured cross section is about 40-90% higher than the Hauser-Feshbach prediction
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Fig. Measured Neutron capture reaction rate and the theoretical predicted reaction rate and R-
process abundances in nuclear landscape

Study of exotic decay of Cs isotope close to the proton drip line using RIB facility at
ISOLDE, CERN

The first detailed study of exotic decay mode of the neutron-deficient, proton unbound
nucleus, 115Cs, close to upper mass limit of the rp-process nuclei, has been studied. The
measurement was performed at ISOLDE decay station (IDS), CERN by detecting delayed
charged particles and rays. The measured delayed-rays are in agreement with bound
excited states of daughter nucleus from previous measurement. The properties of proton
unbound states at excitation energies from 3.8 MeV to 7.8 MeV were obtained by fitting
delayed proton spectrum via _2 minimization and Bayesian method. The measured life time
of those protons unbound states are of the order of zeptosecond.
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Figure [left] shows schematic diagram of exotic decay, [middle] shows the photograph of the
experiment and [right] shows the excited proton unbound states of 115Xe after reconstruction.

o

NeuLAND: The High-Resolution Neutron Time-of-Flight Spectrometer for R°B at FAIR

NeuLAND (New Large-Area Neutron Detector) is the next-generation neutron detector for
the R3B (Reactions with Relativistic Radioactive Beams) experiment at FAIR (Facility for
Antiproton and Ion Research). NeuLAND detects neutrons with energies from 100 to 1000
MeV, featuring a high detection efficiency, a high spatial and time resolution, and a large
multi-neutron reconstruction efficiency. This is achieved by a highly granular design of
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organic scintillators: 3000 individual sub modules with a size of 5x5x250 cm?3 are arranged
in 30 double planes with 100 sub modules each, providing an active area of 250x250 cm?2
and a total depth of 3 m. The spatial resolution due to the granularity together with a time
resolution of ~150 ps ensures high-resolution capabilities. In conjunction with calorimetric
properties, a multi-neutron reconstruction efficiency of 50% to 70% for four-neutron events
will be achieved, depending on both the emission scenario and the boundary conditions
allowed for the reconstruction method. In this paper the final design of the detector as well
as results from test measurements and simulations on which this design is based.

Exploring isospin-breaking nucleon interaction in proton-rich nuclei aroundA~20-
30 using Clover and LaBr; array at VECC

A high-efficiency multifaceted gamma detector array has been setup in channel-3 of cave-
2 of K-130 cyclotron at VECC in multi-institutional collaboration for exploring the
intricacies of the nuclear structure and nuclear astrophysics. The array consists of twelve
Compton-suppressed clover HPGe detectors and three six inches long LaBr3(Ce) detectors.
The clover detectors, placed at a distance of 25 cm from the target position, were at three
angles, 40° (3 nos.), 90° (6 nos.) and 125° (3 nos.), while the LaBr3(Ce) detectors were placed
at 125°(2 nos.) and at 40° (1 no.) angles at a distance of about 30 cm from the target
position. In this collaborative setup, the detectors were contributed by SINP, UGC-DAE-
CSR, and VECC, Kolkata. The mechanical structure of the array, originally designed and
fabricated by SINP, Kolkata, has been augmented from the existing INGA support structure
to accommodate the LaBrs(Ce) detectors and additional number of Clovers. To explore
isospin breaking n-n interaction, we have populated some neutron deficient and proton-rich
nuclei using proton and alpha beam at VECC. At present, we are studying 29P which was
populated using 28Si+p. Fig shows 1384 keV gated spectra. Green shaded gamma lines
are already reported which are decaying from excited states of 29P in coincidence with. We
have populated excited states above proton threshold. More details analysis is going on.

Physics at TeV energy scale

ALICE Experiment

Saha Institute is responsible for the fabrication, maintenance and upgradation of the 2nd
Muon Tracking station of ALICE. During the RUN-III of LHC, the luminosity of the beams
will increase substantially. The expected trigger rate in Pb-Pb collision will be 50 kHz. In
order to handle this huge rate, both the High Voltage and the Readout need to be upgraded.
The quadrants of the 2nd station were de-commissioned and were brought to the surface for
this work on December, 2018. The fully upgraded quadrants are now functioning at the
ALICE experimental pit.

Installation and validation of the detectors of the 2nd Muon Tracking station of ALICE

In 2021-22, the hardware upgradation work at CERN for the 2nd Station of ALICE has been
completed. The installation and initial read-out validation were completed during August-
September, 2021 and the final validation of the detector setup was completed in February,
2022. Considering the importance of the work and our expertise, both the visits by the team
were fully supported by ALICE Collaboration during the pandemic time.
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Final installation of chambers with cabling at the FASS at
ALICE pit [See the pic.]

All the eight quadrants were successfully installed
and the readout cabling for the 2.25 lakh readout
pads were completed. The adjoining picture shows
one of the four readout planes of the 2nd Muon
Tracking station, for which SINP is responsible. The
readout scheme shown in the picture has been
conceptualized by me and executed by the technical
team under my supervision. All the HV and LV
cabling was also completed successfully and 23 out of
24 HV channel could be raised to 1700 V, which is
our operating voltage. All the readout tests during the
validation were carried out by SINP team.

Final Readout Validation

At the end of the validation we could successfully
readout 3528 DS-12 cards out of 3544 cards of the 8
quadrants. Thus, 99.5% of our tracking station could
be readout.

Run Il Physics Studies:
Y production and nuclear modification at forward rapidity in Pb—Pb collisions at Vsyy = 5.02
TeV
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Study of Heavy Flavor Decay Muons (HFM) in proton-proton collisions at Vs = 13 TeV has
been carried out to estimate the pT -differential production cross-section of HFM up to pT
=30 GeV/c after the subtraction of the total background muons (decaying from primary
charged pion & kaon, J/y , W & Z boson and secondary muons) from the inclusive muons
obtained from LH16k ALICE data where two muon triggers Muon Single Low (MSL) and
Muon Single High (MSH) are used.

CMS Experiment

The SINP-CMS group has made significant contributions in Higgs and BSM physics
analyses using the 135 fb-1 of pp collision data collected by the CMS experiment during the
Run II of the LHC. During the long shutdown period, the group made significant
contributions in tracker operations, hadron calorimeter calibration, electron-photon
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identification, research and development of the upgraded tracker, muon and calorimeter
endcap for future high luminosity runs.

Physics Analysis:

Key areas of involvement in physics analysis have been (1) search for dark matter and
extra-dimension; (2) Standard Model (SM) and Beyond Standard Model (BSM) Higgs boson
studies in the yy decay mode, (3) Higgs boson pair production in a number of final states
(bbZZ, bbWW), (4) search for rare Higgs boson decays, e.g. H —» J/y + y where both
traditional and deep learning based techniques are used extensively.

The group members are also working on phenomenological problems in collaboration with
theoreticians.

Detector Performance studies:

The group continues to work on the calibration of the hadron calorimeter (HCAL). Different
approaches to do relative and absolute calibration of the HCAL have been studied. In
addition, strategies to trigger on isolated particles are pursued.

The group has performed tracker data certification including several weeks of offline remote
shift.

Phase-2 Upgrade Activities:

The group has been involved in (a) Tracker beam test data analysis, (b) study of
performance of the proposed L1 track trigger to improve electron and photon rates
significantly, (c) study of CMS capability to trigger rare, low pT, fully hadronic final states
like Bs — @@ — 4 kaons at Levell, (e) study of CMS capability to trigger rare Higgs decays
e.g H —» @y and H— py at Levell, to explore the power of tracking at Levell, and (e)
development of the digitizer software for the proposed tracker. The results are updated
regularly following new development of L1 tracking and trigger software.

The group members are involved in HGCal test beam data analysis and fabrication of
prototype frontend electronics cards for the 6-inches HGCal detector modules.

The group is involved in the Muon system upgrade of the detector, namely GE1/1 and
GE2/1.

Phenomenology of strongly interacting matter

The photon self-energy from chirally imbalanced quark matter is evaluated at finite
temperature and density using the real time formulation of thermal field theory. The
analytic structure is explored in detail exposing the cut structure which corresponds to a
variety of physical scattering and decay processes in the medium and their thresholds. The
mass of the quarks in the chiral symmetry broken phase are obtained from the gap
equation of the Nambu-Jona-Lasinio model. It is found that, in presence of finite chiral
chemical potential, the chiral condensate tends to get stronger at low temperature while the
opposite is observed at high values of temperature. A continuous spectrum is obtained for
the electromagnetic spectral function and this is purely a finite chiral chemical potential
effect.

We incorporate the anomalous magnetic moment (AMM) of quarks in the framework of
PNJL model to study hot and dense magnetized matter with chiral imbalance. For this
purpose, the energy solution of the Dirac equation is obtained in presence of constant
background magnetic field and chiral chemical potential (CCP) along with the minimal
anomalous magnetic moment interaction of the fermion. Although there is a marginal
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enhancement in the IMC behaviour of the quark condensate due to the combined effects of
AMM and CCP, we find that the overall behaviour of the Polyakov loop and the chiral charge
density is dominated by the chiral chemical potential. It is further shown that the AMM
effects in presence of CCP remains insignificant even after consideration of thermo-
magnetically modified moments.

The studies on the production of heavy-flavor decay muons (HFM) in proton-proton (p—p)
and heavy-ion (A-A) collisions using Angantyr model in PYTHIA8 at Large Hadron Collider
(LHC) energies have been performed for three colliding systems: small (p—p), intermediate
(Xe-Xe) and large (Pb-Pb). The works have been performed in p—p (with \s = 2.76, 5.02, 7.0
and 13 TeV), Xe-Xe (with Vs NN = 5.44 TeV) and Pb-Pb (with Vs NN = 2.76 and 5.02 TeV)
collision systems. The production of heavy-flavor (charm and bottom quarks) decay muons
in p—p and A-A collisions is measured in the forward rapidity 2.5 < y < 4. In addition to the
particle spectra, a more quantitative model-to-data comparison is obtained through the
observable RAA of HFM for YsNN = 2.76 and 5.02 TeV in Pb-Pb collisions. A prediction for
the HFM pT- and y-distributions in O-O collision at VsNN = 6.37 TeV for 0-10% collision
centrality is also done for ALICE Run3 experiment. All the simulation results comply with
other HFM ALICE measurements.

Very High Energy gamma-ray astronomy

In the last decade the field of Very High Energy (VHE; E > 100 GeV) gamma-ray
astronomy has grown into a mature branch of astronomy with the discovery of more
than 200 gamma ray sources of various genres. The decade has also witnessed the
linkage of ground based and space based missions for GeV gamma-ray astronomy
and multi-wavelength observation campaigns thus providing the scientists with a
very rich dataset in order to probe the non-thermal universe. As part of the Major
Atmospheric Gamma Imaging Cerenkov (MAGIC) telescope system collaboration,
scientists at SINP and India participate in a wide range of physics programs
involving both galactic and extragalactic astrophysical sources as well as several
technical tasks for the collaboration. At presentwe perform extensive simulations for
understanding the performance of the telescope using muons generated in the
atmosphere. From these simulations, we estimate the absolute light collection
efficiency of the telescopes and then compare various useful parameters derived
from the data.

Multiwavelength Analysis and Modelling of OJ 287 during 2017-2020

The blazar OJ 287 has been proposed as a binary black hole system based on its
periodic optical outbursts. Among blazars with parsec scale jets, the black hole
binary systems are very rare and hence this source is very interesting to study. We
have analyzed the optical, X-ray, and gamma-ray data of OJ 287 for the period of
2017-2020. There are several high states in optical-UV and X-ray frequencies
during this period. A detailed temporal and spectral analysis is performed to
understand the nature of its flaring activities. To understand the temporal
variability in this source we have studied the intra-day lightcurve (flux as a function
of time) and fractional variability to understand the nature of variability. Further,
the multi-wavelength spectral energy distribution (SED) modelling is performed to
know more about the physical processes responsible for the simultaneous
broadband emission and the fast variability.
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A comprehensive study of 2019-2020 flare of OJ 287 using AstroSat, Swift and
NusStar

OJ 287 is a well-studied binary black hole system, that occasionally exhibits bright
X-ray and optical flares. Here we performed a detailed spectral study of its second
brightest X-ray flare observed during 2019-2020 using archival Swift and NuSTAR
observations along with target of opportunity observations from AstroSat.

The variation of hardness ratio (HR) with 0.3-10.0 keV integrated flux suggests a
"softer-when-brighter" behaviour, as also previously reported based on flux-index
variations. Simultaneous high state X-ray spectra obtained using Swift, NuSTAR
and AstroSat are very steep with a power-law index > 2. A significant spectral
change is observed in AstroSat-SXT and LAXPC spectrum which is consistent with
Swift-XRT and NuSTAR spectrum. The optical-UV and X-ray spectra during the
high flux states suggest the emergence of a new high BL Lacertae (HBL) component.
We have modelled the synchrotron peak with publicly available code named
GAMERA for low, intermediate, and high flux states. Our modelling suggests the
need of high magnetic field to explain the high state under the leptonic scenarios.
Increase in the magnetic field value inside the jet could be linked to the increase in
accretion rate as expected in the BH-disk impact scenario.

Possible TeV Gamma-Ray Binary Origin of HESS J1828-099

A large number of high energy gamma ray sources discovered by the High Energy
Stereoscopic System (H.E.S.S) in the survey of the galactic plane are unidentified
and seem to have no significant counterpart in other wavelengths. HESS J1828-099
is a point-like unidentified source in the catalog. Together with scientists from
Raman Research Institute, IISc, Banglaore and Max Planck Institute for
Radioastronomie, Bonn, Germany, we investigated the nature and association of
HESS J1828-099 with multiwavelength observational data. A high-mass X-ray
binary (HMXB), composed of the pulsar XTE J1829-098 and a companion Be star,
has been observed earlier in the X-ray and infrared bands, 14' away from HESS
J1828-099. With 12 yrs of Fermi-LAT gamma-ray data, we explore the possibility of
the newly discovered source 4FGL J1830.2-1005 being the GeV counterpart of
HESS J1828-099. Additionally we used X-ray data from Rosat X-ray Timing
Explorer (RXTE) and data from radio surveys to probe for the first time whether
HESS J1828-099, Fermi-LAT source 4FGL J1830.2-1005, and the HMXB system
detected in RXTE have a common origin. Our study indicates that HESS J1828-099
might be a TeV high-mass accreting gamma-ray binary source which, if confirmed
with further observations, will be the first of its kind ever found in our Galaxy.

Multiwavelength study of the gravitationally lensed blazar QSO B0218+357 between
2016 and 2020

We performed observations of the blazar quasi stellar object (QSO) B0218+357 in optical, X-
ray, GeV and TeV gamma rays. Flares were detected in all the wavebands except at TeV
energies. Radio observations showed a clear radio core and jet components in both lensed
images. The radio measurements are used to model the source-lens-observer geometry and
determine the magnifications and time delays for both components. The quiescent emission
is modelled with the high-energy bump explained as a combination of synchrotron-self-
Compton and external Compton emission from a region located outside of the broad line
region. The bulk of the low-energy emission is explained as originating from a tens-of-
parsecs scale jet. Upper limits to the very high energy gamma-ray emission have also been
computed which showed that the flux of the source had gone significantly below the level at
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which it was previously detected. The optical observations were carried out using
Himalayan Chandra Telescope at Hanle using a Director’s Discretionary Time (DDT).

Research and Development of radiation detectors and their applications

An advanced array of fast scintillator for measuring photon and beta /neutron in
coincidence is building using in-house facilities. The structure was designed and
built in SINP, workshop. The detectors have been tested by the PhD students. These
detectors will be used to detect betas or electrons and neutrons. Another fast
scintillator of LaBrs array are being developed which will be coupled with these
scintillators.

Simulation studies are being carried out on angular correlation of gamma rays in a
CeBr array.

Muon scattering tomography has been applied to discriminate among different
materials, monitor civil structures and to detect defects in them. The numerical
studies are based on Geant4 and CRY followed by tracking and clustering algorithms
such as Point of Closest Approach (PoCA), Binned Cluster Algorithm (BCA) etc.
Several new approaches are being formulated and explored for this purpose. In
addition, image processing with a Pattern Recognition Method (PRM) and several
Machine Learning (ML) algorithms are being employed to extract information from
the simulated experiment. The initial results are very encouraging. Fig.1 shows the
discrimination features for 5 hours of data taking using Support Vector Machine
(SVM) algorithm.

Experimental work on muon tracking and imaging is being carried out using
Resistive Plate Chambers (RPC), Micromegas, GEMs and THick GEMs (THGEM).
Locally fabricated RPCs and THGEMs have already worked satisfactorily. Few
improvements are being made to make them more suitable for the proposed muon
imaging system. Experimental and numerical characterization and optimizaion of
these detectors are under progress. Special emphasis is given on important issues
such as (i)charge sharing, (ii)charging-up, (iii)discharge probability, (iv)efficiency, and
(v)Jgain uniformity of these detectors. Fig.2 shows the experimentally measured gain
uniformity of a GEM detector.

Hydrodynamic simulation was used to propose eco-friendly alternative gas mixtures
for INO-ICAL RPCs. Effects of geometry and material properties on the performance
of RPC detectors have also been studied. Dark current flowing through different
parts of an RPC is illustrated in Fig.3.

Effects of charge sharing in GEM detectors with different hole shapes have been
studied extensively using particle + hydrodynamic (hybrid) models. Important
parameters such as collection / extraction / transmission efficiencies, gain,
avalanche to streamer transition etc have been estimated and compared with
existing experimental data. The comparisons are encouraging.

A DAQ based on Altera Max series (with support for direct LVDS input) FPGA on
VHDL platform has been developed. For its validation, it has been used to measure
RPC efficiency and gain map. The readout scheme is shown in Fig.4 while muon
absorption images of a lead block at different positions are illustrated in Fig.5.

The neBEM electrostatic solver has been regularly improved and maintained at the
CERN server. Several new functionalities related to space charge computation have
been added this year.
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Facility for Research in Experimental Nuclear Astrophysics (FRENA)

Facility for Research in low energy Nuclear Astrophysics (FRENA), a high current 0.2-3 MV
Tandetron accelerator facility has been commissioned in Saha Institute of Nuclear Physics,
Kolkata. The machine is presently in the trial period of AERB and is delivering proton
beams at a maximum current of 100 euA. FRENA is primarily dedicated for performing
experiments related to nuclear astrophysics. Energy calibration is the first and most
essential part for this newly installed accelerator facility. This setup will be initially utilized
for calibration experiments like 7Li(p,n) reaction. The setup consists of a pneumatic gate
valve which isolates the setup part from the accelerator side if the vacuum degrades below
a set value. A small target chamber is coupled which is followed by a faraday cup to dump
the beam and current measurements for thin targets. To ensure the stability of the entire
setup 3-point collar stands have been designed. This will help to absorb the vibration
during the closure and opening of the gate valve.

Vacuum gauge
integrated to
the gate valve

Adapter connected
to the beam line

Port to connect
3KW faraday cup

Bellow adapter

Detector port

T i Target holder ladder
b s pert weith with BNC feed| d
vent port
through

Figure 1. Different components of setup

Target chamber assembly consists of several parts as shown in Figure 1. First, an adapter
is connected to the accelerator beamline (ISO 160K) followed by a pneumatic gate valve.
This gate valve is crucial to ensure the safety of the accelerator components during any
possible vacuum degradation. Such possibilities may arise due to a target or target ladder
melting and successive degassing. This valve can be operated from outside via software and
LAN connection. Programming of the gate valve is made in such a way that it will close itself
automatically whenever the vacuum level in the target chamber side degrades above a
preset threshold value. Vacuum level information for this cutoff is taken from the gauge
connected just before the target chamber (Figure 1). A potential free output is also present
in the valve control system which can be integrated with the main accelerator controller.
This potential free contact will be a "Normally Closed" (NC) in case of good vacuum in the
target chamber region and become "Normally Open" (NO) in case of vacuum level drops
below the threshold value. A NC contact will keep the beam ON whereas NO contact will
turn off the beam from the main accelerator controller automatically. The opening and
closure speed of the gate valve can be controlled by manually adjusting the airflow rate in
the valve diaphragm. After the gate valve, a bellow adapter and tee connector have been
joined. The T- connector has ports for rotary and turbomolecular pumps along with a vent.
A vacuum gauge (this provides input to the gate valve control system) port is also there to
measure the vacuum level near the chamber. This connector also acts as a reducer (ISO
160K to ISO 63K) for the target chamber.
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A 152 mm diameter target chamber is coupled, having
ports at 50° and 135° for placing silicon detectors. It has
provisions for putting bias and extracting the signal.

A port at +150 degrees out of the plane will be used for
monitoring target heat and beam spot profile using a
thermal camera. The bottom flange of the target chamber
is assembled with the target ladder (Figure 2). It has
provisions for three targets and can be moved vertically
to align the target with the beam. Rotational adjustment
of the target ladder can also be done.

Positions to
attach 3 targets

Scale position
and pointer to
identify target
position

The chamber will be followed by a 3KW faraday cup to
dump the beam and make current measurements for
thin targets. For thicker targets the beam may stop in
the target itself. For such a scenario, a development is
also in process to make cooling and the complete target
ladder flange electrically isolated from the entire setup. Charge and current information can
be collected from the ladder itself. Setup has been already coupled to one of the beamlines
of FRENA accelerator (Figure 3).

{ ’ Thermal camera Port for

temperature monitoring

Port to connect Faraday
cup/beam dump

-

Figure 3. Setup coupled with one of the beamlines of FRENA

Jaduguda Underground Science Laboratory (JUSL)

Measurement of cosmic-ray muon flux

The work on “Measurement of cosmic-ray muon flux in the underground laboratory
at UCIL, using plastic scintillators and SiPM” has been published in Nuclear
Instrumentation & Methods in Physics Research-A (NIM-A).

The angular distribution of cosmic-ray muon flux varies with altitudes and
latitudes. As an extension work, the study of angular distribution of Atmospheric
muons using a Cosmic Ray Telescope is ongoing. This work has two parts:
simulation and performing experiment at surface (SINP) and in the underground
(JUSL). The simulation work with CORSIKA and pythia software has been started
and Geant4 simulation is needed for the study of detector geometry and building
structure.
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Fast neutron measurement

Measurements are carried out on the fast neutron background, using proton recoil
scintillation, in the underground laboratory at Jaduguda.

Calibration of superheated liquid detector (SLD) for dark matter direct search

The search for dark matter is one of the most challenging experiments in Astroparticle
Physics. The experimental initiative at Jaduguda Underground Science Laboratory (JUSL)
has been started with an aim to look for the low mass dark matter region below 10 GeV/c2
which is less explored still now. The target of the detector is CoHoF4 containing low mass
nuclei which will probe the minimum WIMP mass as low as few hundred MeV while
operated at low threshold. To operate the detector at the low threshold, the discrimination
between the nuclear recoil and gamma-rays is important as gamma-rays is one of the major
backgrounds at low threshold.

Nucleation of superheated droplets and subsequent vapour oscillation produces an acoustic
pulse that contains important information about the bubble nucleation process. The SLDs
have been fabricated at the laboratory and the FPGA based data acquisition system has
been optimized for the data acquisition. WIMP induced nuclear recoils are expected to be
similar to the neutron induced nuclear recoils. The high frequency acoustic pulses during
the bubble nucleation of SLD have been observed in the frequency range of few kHz to MHz
by irradiating with neutrons and gamma-rays. The neutrons were generated by the Li(p,n)
and Be(p,n) reactions with proton beam from the cyclotron of VECC and also with the Am-
Be source at SINP. The spectral analysis of the gamma-ray induced signals indicates the
existence of several frequency components, which are absent for the neutron induced
signals. Acoustic power, duration and number of peaks of the signals have also been
studied which showed a significant discrimination between the neutron and gamma-ray
induced events. The prototype small scale detector and the DAQ system have also been
tested at JUSL (Figure below) with the high frequency sensor to identify the acoustic events
in the detector and to prepare for the actual run.
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Group C

Research Areas
Gravity, Mathematical Physics, Quantum Field Theory, High Energy Physics
Phenomenology, Condensed Matter and Statistical Physics

Primary research areas of Group C spread across a wide range of length scales. As laws of
Physics naturally occur at different length scales, different theoretical models are called for
addressing and explaining the physical phenomena. The activities of Group C range from
very large length scales,like parsecs and megaparsecs in the observable Universe to very
small length scales of the fundamental constituents of Nature. Cosmology and Astroparticle
Physics deal with the Universe at large length scales, primarily in the framework of General
Relativity, and Quantum Mechanics rules the physics of constituents of Nature. Addressing
the physical questions, in which both General Relativity and quantum mechanics are
relevant, isa formidable challenge. Members of the Group C are engaged in active research
in various topics related to black holes, string theory, mathematical physics, quantum field
theory, quantum mechanics, high energy phenomenology, phases of matter and many body
quantum dynamics.

Research Activities
Gravity

Black Hole Physics

The behaviour of a noncommutative scalar field in the background of a Reissner-Nordstrom
(RN) black hole has been analyzed and the entanglement entropy has been obtained within
the brick wall formalism. It has been shown that the noncommutative effects appear only in
the second order in the deformation parameter.

An alternative derivation of Hawking radiation based on quantum mechanical over-the-
barrier reflection from a one-dimensional potential has been explored. The reflection
coefficient shows an exponential fall in energy which, on comparison with a Boltzmann
probability distribution of a statistical system, yields a temperature. The temperature is the
Hawking temperature for spherically symmetric black holes. The derivation gives a local
calculation of Hawking temperature.

Gravitational-wave Astrophysics

Neutron stars are extremely high-density compact astronomical objects which are formed
when moderately massive stars die after supernovae explosions whereas, for more massive
stars, black holes are born. New algorithms have been developed for searching weak
gravitational wave (GW) signals in the ground-based Advanced-LIGO/Advanced-Virgo
detectors. In addition, state-of-the-art statistical analysis techniques have been
implemented to infer their characteristics. The accurate modeling of these signals enables
us to test some of the foundational laws of physics that govern the Universe. In particular,
a set of weak GW-signals are studied to test the validity of the general theory of relativity
proposed a century ago by Albert Einstein. Additionally, GW-signals from neutron stars are
analyzed to learn the fundamental properties of matter in the very high-density regime and
under extreme conditions. A set of such signals has been searched, and a detail of the
scientific endeavor has recently been reported by the international LIGO Scientific
Collaboration (LSC).
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A new continuous gravitational wave detection pipeline has been developed for searching
extremely weak signals from rapidly rotating, deformed neutron stars in the Milky way
galaxy. Furthermore, an innovative approach of machine learning based statistical analysis
to infer structural and compositional properties of neutron stars have been developed. This
will enable us to infer density-pressure relationships in the interior of neutron stars
accurately with extremely low latency from gravitational wave events of binary neutron star
mergers. The algorithms developed in this machine learning based analysis also have
implications for potential practical applications future outside the area of physical science.

String Theory and Holography

The net quantum information exchange between identical CFT subsystems having a
common interface has been studied holographically for the AdS black hole bulk spacetimes.
It is generally found that for fixed finite time intervals the information flow gets reduced at
finite temperature and also in the presence of excitations in the CFT.

The change in holographic entanglement entropy for small strip sub-regions for "boosted’
AdS black holes up to third order have been studied perturbatively. First law of
entanglement thermodynamics with higher order corrections receives important
contribution from an entanglement chemical potential in presence of boost. It is proposed
that suitable corrections of the entanglement temperature become necessary and vital. The
results can be extended to the non-conformal cases and AdS plane wave backgrounds too.

The introduction of electric field in the D-brane worldvolume induces a horizon in the open
string geometry perceived by the brane fluctuations. The holographic entanglement entropy
(HEE) and sub-region complexity (HSC) in the asymptotically AdS geometries in three, four
and five dimensions aiming to capture these quantities in the flavour sector introduced by
the D-branes are obtained. Both the strip and spherical sub-regions have been considered.

Dynamical aspects and quantum information theoretic aspects of especially strongly
coupled systems are explored, with an eye towards understanding strong coupling features
of quantum field theory. Within the framework of Holography, or Gauge-Gravity duality,
these aspects are also closely tied to the quantum properties of black holes and gravity.
Ideas along these directions are also actively explored.

In particular, quantum chaotic properties of strongly coupled systems, its corresponding
information theoretic understanding and its bearing on the quantum dynamics of black
hole are explored. Furthermore, aspects of such quantum chaotic physics are also explored
within dynamical situations in quantum field theory. The latter is relevant in the context of
understanding both quantum effects of gravity as well as in condensed-matter systems.

Mathematical Physics

Nonequlibrium properties of long-range Kitaev spin chain

The long-range Kitaev (LRK) spin chain has been studied in the context of global quench in
the power describing the range of the interactions. The entanglement entropy has been
obtained and it has been shown that it can admit both area and volume law depending on
the parameter ranges concerned. The OTOC has also been obtained analytically and the
numerical conterpart is currently under investigation.

Rogers-Szego polynomials and Polychronakos like spin chains

Analytical expressions for exact partition functions of Polychronakos like quantum spin
chains associated with the BCy root system have been obtained in the presence of chemical
potentials. It has been found that such partition functions can be expressed through some
homogeneous multivariate super Rogers-Szego polynomials. Vertex models and transfer
matrices related to these Polychronakos like spin chains have been constructed by using
their connection with the super Rogers-Szego polynomials.
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Integrable properties of classical nonlinear field models

Integrable properties of local as well as nonlocal vector nonlinear Schrodinger equation with
a general cubic nonlinearity in the presence of a linear term, which under certain condition
incorporates balanced loss and gain of energy, have been investigated. It has been shown
that such nonlinear systems possess Lax pairs and infinite number of conserved quantities.
The inverse scattering transformation method is employed and exact soliton solutions are
obtained for both the local and nonlocal cases. A new class of two-component nonlocal field
models, with different types of continuous or discrete space-time symmetries and infinite
number of conserved quantities, have also been constructed.

Quantum Field Theory

Quark-gluon Plasma and Heavy-Ion Collision Phenomenology

Quark-gluon plasma (QGP), the strongly interacting deconfined state of matter, had existed
in the early universe just a few microseconds after the Big Bang.The discovery and
characterization of the properties of QGP remains one of the best orchestrated international
efforts in modern nuclear physics. This subject is presently actively studied at particle
accelerators, where one collides heavy nuclei, moving at nearly the speed of light, in order
to produce in the laboratory this hot and dense state of matter. The Relativistic Heavy Ion
Collider (RHIC) and the Large Hadron Collider (LHC) studying the collisions of heavy nuclei
at relativistic energies continue to generate a wealth of data which is being analyzed to
provide valuable information about the nature of the ephemeral matter thus created. This
calls for a better theoretical understanding of particle properties of hot and dense
deconfined matter, which reflect both static and dynamical properties of QGP. Various
aspects of QGP by using phenomenology, perturbative and nonperturbative methods of
QCD have very actively been pursued.

Statics and Dynamics of quantum field theories with classical and quantum
simulators

Quantum field theories form the mathematical language to express most of the physical
phenomena of Nature. At present, novel theoretical and experimental methods are
constantly competing with each other to deliver not only on the understanding of such
phenomena, but also design new technologies based on this phenomena that promises the
second quantum revolution. Various features in a class of lattice gauge theories, both in
and out of equilibrium, have been investigated together with national and international
collaborators. Phases which do not break any symmetry at zero temperature, and hence
remain always discorded, have been identified. This forms the so called Coulomb phase,
commonly known as spin liquids in condensed matter literature and can be realized in
experiments.

Another aspect of the research involved the use of quantum hardware to do calculations in
strongly correlated systems. While these calculations are significantly behind what can be
done on classical computers, they provide the much-in-vogue worldwide effort to harness
the power of quantum computers into the principal calculating devices of tomorrow.

Mechanisms of mass generations in fermionic theories

Physics of a mass generation mechanism in fermionic theories gives mass to particles
without breaking chiral symmetry. This might provide hints on how to non-perturbatively
regulate the Standard Model in the long term. Since this form of mass generation
intrinsically happens in strongly interacting systems, new quantum Monte Carlo methods
for fermions need to be developed to avoid the sign problem. The method using fermion
bags is being further developed which can efficiently simulate this model in large space-
time volumes.
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Research in finite temperature gauge theories

Research in finite temperature QCD is being performed in terms of computing transport
coefficients in the quark gluon plasma from ab-initio principles. This work extends on a
previous of work which computed the diffusion constant of heavy quarks in the quark gluon
plasma, by computing the corrections due to finite mass of the quark, and employing a
non-perturbative renormalization for the color-electric and the color-magnetic operator.
Such calculation is expected to connect the experimental results of ALICE (CERN) with ab-
initio theoretical approaches.

High Energy Physics Phenomenology

Precision QCD

The large hadron collider (LHC) provides a very accurate measurements of many Standard
Model (SM) processes. An accurate theoretical prediction of these processes is crucial to
match the experimental accuracy and to hence be able to distinguish SM physics from
possible new physics signals beyond the SMperterbative quantum chromodynamics (QCD)
corrections of these cross-sections at hadron colliders are usually sizeable and in some
kinematical regions could be large. In these cases the resummation of the whole
perturbative series is needed for accurate phenomenological predictions.

In this context, resummation of Next-to-Soft Virtual (NSV) logarithms for the threshold
production of pseudoscalar Higgs boson through gluon fusion at the LHC in the proton-
proton mode is studied. These results are obtained using collinear factorization,
renormalization group invariance and recent developments in NSV resummation
techniques. The phenomenological implications of these NSV resummed results for 13 TeV
LHC are studied and it is observed that, these NSV logarithms are quite large. Theoretical
uncertainties have also been studied and it is found that renormalization scale
uncertainties get reduced further with the inclusion of NSV corrections.

Gravity waves & baryogenesis through leptogenesis

Baryogenesis via non-thermal leptogenesis from ultralight primordial black hole
evaporation and its test with cosmic string induced gravitational waves (GW) have been
studied. It is shown that if the right handed neutrino (RH) masses are generated
dynamically followed by black hole formation, successful baryogenesis as well as strong
amplitude GWs are generated which will be tested within a wide range of frequencies by the
future GW detectors.

Effects in gravitational leptogenesis

It is shown that in seesaw mechanism, leptogenesis phenomena that facilitate the dominant
production of lepton asymmetry via the quantum effects of RH neutrinos in the curved
background naturally seek a stiffer equation of state which can be probed by GW detectors
as well as next-generation neutrinoless double beta decay experiments in a complementary
way. On the frequency-amplitude plane, GWs from cosmic strings show a flat plateau at
higher frequencies due to the string loop dynamics in standard radiation dominated post-
inflationary epoch. The spectrum may show an abrupt upward or a downward trend beyond
a turning point frequency, if the primordial dark age prior to the Big Bang Nucleosynthesis
(BBN), exhibits non-standard cosmic histories. It is argued that such a spectral break
followed by a rising GW amplitude which is a consequence of a post-inflationary equation of
state stiffer than the radiation, could also be a strong hint of Gravitational leptogenesis in
the seesaw model of neutrino masses.

Primordial gravitational waves, dark matter, dark energy, 21cm line from cosmic
dawn & neutrino Physics

The frequency of primordial gravitational waves are calculated from first order electroweak
phase transitions and domain wall decay by proposing one single particle physics model of
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dark matter. The detectibility of such gravitational waves are then predicted for future and
ongoing gravitational wave experiments.

The axion interactions with electrons and neucleons are being studied thoroughly in the
light of claimed 53 excess events in Xenon 1T dark matter direct detection experiment.

The possible interaction between dark matter and dark energy are probed with results for
21 cm Hydrogen line from cosmic dawn.

The creation and evaporation of primordial black holes are studied and a mass distribution
of the PBHs in the Universe is obtained and is tested by studying the effects of PBH
evaporation on 21cm signal.

The self scattering of dark matter is addressed for processes 2 --> 2 (two dark matter
particles scattered to yield two dark matter particles as final state) as well as "cannibal"
processes of 3 --> 2 (3 dark matter particles scattered to produce 2 dark matter particles)
and 4 --> 2. The work is going on to obtain bounds on such self-scattering cross-sections of
dark matter for 3 --> 2 and 4 --> 2 processes.

A detailed oscillation probability formula has been derived analytically with non standard
neutrino interactions including CP violation effects and matter effects and these are being
used to predict signals in upcoming DUNE long baseline neutrino experiments. The CP
violation and the Majorana nature of the neutrinos as well as the possible non unitarity of
the mixing matrix are also being studied. The latter is in progress.

Prediction for possible signals of dark matter has been worked out at KM3NET under-sea
(Mediterranean sea) neutrino detector.

Condensed Matter Physics and Statistical Physics

Classical one-dimensional transport

The reservoir crowding effect in classical one-dimensional transport has been studied by
considering the nonequilibrium steady states of an asymmetric exclusion process (TASEP)
coupled to a reservoir with fixed available resources and dynamically coupled entry and exit
rate. How the steady states are controlled by the interplay between the coupled entry and
exit rates, both being dynamically controlled by the reservoir population, and the fixed total
particle number in the system is elucidated. The TASEP can be in the low-density, high-
density, maximal current, and shock phases. Such a TASEP shock phase is shown to be
different from an open TASEP for all values of available resources: here the TASEP can
support only localized domain walls for any (finite) amount of resources that do not tend to
delocalize even for large resources, a feature attributed to the form of the dynamic coupling
between the entry and exit rates. Furthermore, in the limit of infinite resources, in contrast
to an open TASEP, the TASEP can be found in its high-density phase only for any finite
values of the control parameters, again as a consequence of the coupling between the entry
and exit rates.

Hydrodynamic theory of coherent collective motion

The hydrodynamic theory of coherent collective motion (“flocking”) at a solid-liquid interface
has been constructed theoretically. The polar order parameter and concentration of a
collection of “active” (self-propelled) particles at a planar interface between a passive,
isotropic bulk fluid and a solid surface are dynamically coupled to the bulk fluid. Such
systems are found to be stable, and have long-range orientational order, over a wide range
of parameters. When stable, these systems exhibit “giant number fluctuations,” i.e., large
fluctuations of the number of active particles in a fixed large area. Specifically, these
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number fluctuations grow as the 3/4th power of the mean number within the area. Stable
systems also exhibit anomalously rapid diffusion of tagged particles suspended in the
passive fluid along any directions in a plane parallel to the solid-liquid interface, whereas
the diffusivity along the direction perpendicular to the plane is nonanomalous. In other
parameter regimes, the system becomes unstable.

Universal scaling properties of quenched disordered nonequilibrium systems

The nature of universal scaling in a class of quenched disordered driven models has been
theoretically explored. In particular, the intriguing possibility of whether coupling with
quenched disorders can lead to continuously varying universality classes is investigated.
This issue is studied in the context of the Kardar-Parisi-Zhang (KPZ) equation, with and
without a conservation law, coupled with quenched disorders having distributions with
pertinent structures. It has been shown that when the disorder is relevant in the
renormalization group sense, the scaling exponents can depend continuously on a
dimensionless parameter that defines the disorder distribution. This result is generic and
holds for quenched disorders with or without spatially long-ranged correlations, as long as
the disorder remains a “relevant perturbation” on the pure system in the renormalization
group sense and a dimensionless parameter naturally exists in its distribution. Its
implications for generic driven systems with quenched disorders is speculated, and are
compared and contrasted with the scaling displayed in the presence of annealed disorders.

Many-body localization and enhanced nonergodic subdiffusive regime in the
presence of random long-range interactions

In this work, the effect of random power-law interactions on a one-dimensional model of
spinless fermions in the presence of an aperiodic potential has been studied. It has been
shown that transition from the ergodic extended phase to the MBL phase occurs via an
intervening nonergodic extended phase, as the strength of the aperiodic potential is
increased. The intermediate nonergodic phase is characterized by multifractal states and
subdiffusive transport and its width increases with the range of interactions. Interestingly,
power-law interactions with random coefficients significantly modify the correlations among
local energies of the effective Anderson model in the Fock space. As an effect a much
stronger disorder is required to achieve the non-ergodic phase for systems with longer-
range interactions. Furthermore, a broad regime of this nonergodic phase continues to have
subdiffusive transport before the system becomes diffusionless in the MBL phase. The sub-
diffusive transport can be explained in terms of the Griffiths phase. This work also answers
the long standing question about stability of the MBL phase in the presence of long-range
interactions.

Single particle excitations across the many-body localization transition

Characterizing the many-body localization (MBL) transition in strongly disordered and
interacting quantum systems is an important issue in the field of condensed matter
physics. This work demonstrates that the delocalization to MBL transition can be tracked
using the typical values of the local density of states (LDOS) of single-particle excitations
and the single-particle scattering rates. In the delocalized phase where single particle
excitations can propagate over all the allowed many-body eigenstates, the typical values of
the local density of states and the scattering rate are finite while in the MBL phase, the
typical values for both the quantities become vanishingly small. The probability distribution
functions of the local density of states and the scattering rate are broad log-normal
distributions in the delocalized phase while the distributions become very narrow and
sharply peaked close to zero in the MBL phase. Although there are some common features
in the behaviour of the infinite temperature LDOS for the MBL system and the LDOS of the
non-interacting Anderson localized systems in higher dimensions, in the interacting system,
LDOS of the single-particle excitations is a nontrivial function of many-body wavefunctions,
which are most naturally localized or extended in the Fock space. Hence, for the non-
interacting problem LDOS follows the scaling of the inverse participation ratio but the
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LDOS for the MBL system does not in general follow the scaling of the many-body
wavefunctions.

Correlation driven metallic and half-metallic phases in band-insulator

This work demonstrates the surprising result that increasing the strength of e-e
interactions in a simple model of a correlated band-insulator, namely the ionic Hubbard
model at half-filling, results in the formation first of a paramagnetic metal, followed by a
transition to a ferrimagnetic metal, thence to an antiferromagnetic half-metal, and
eventually to an antiferromagnetic Mott-insulator! Antiferromagnetic half-metals (where
electrons of one spin orientation are in a metallic state while those of the opposite spin
orientation are insulating, but with no net magnetization) have outstanding potential for
use in spintronics. Novel routes for obtaining such phases are hence of importance. Most of
the earlier theoretical suggestions, have predicted the formation of ferrimagnetic and
antiferromagnetic half-metals in various materials with either cation vacancies or doping
with holes e.g. hole-doped octuple perovskite cuprates, double perovskites, Heusler and
semi-Heusler alloys, etc. The new mechanism presented in this work, where correlation
drives a band- insulator into metallic and half-metallic phases at half-filling, is not only
quite distinct from all of these but also promises to lead to cleaner systems as no doping is
required.

Unconventional superconductivity in a strongly correlated system at half-filling

Strong correlations are central to unconventional superconductivity. In most of the known
unconventional superconductors, the parent compound is a strongly correlated
antiferromagnetic (AF) Mott Insulator, and superconductivity arises upon doping with
mobile charge carriers, but doping also induces disorder in the system. Hence it is crucial
to think of mechanism of realising high temperature unconventional superconductivity in
the absence of doping. This work presents a novel route for attaining high-T.
superconductivity in a strongly correlated system without doping. In a simple model of a
correlated band insulator at half-filling we demonstrate, based on a generalization of the
projected wavefunctions method, that spin-exchange mediated superconductivity emerges
for a broad range of model parameters when e-e interactions and the bare band-gap are
both much larger than the kinetic energy, provided the system has sufficient frustration
against the magnetic order. As e-e interactions are increased (but still remain of the order of
the band-gap), the single particle excitation gap in the band insulator closes, resulting in a
metallic phase. Upon further increasing the e-e interactions, superconductivity develops by
the formation of a coherent macroscopic quantum condensation of electron pairs, provided
the metal has enough low energy quasiparticles and the system has enough frustration
against the magnetic order. The superconductivity, which survives for a broad range of e-e
interactions, features tightly bound short coherence length Cooper pairs with a T. well
separated from the energy scale at which the pairing amplitude builds up, indicating
towards the presence of a pseudogap phase in this system.

Initial state dependent dynamics across many-body localization transition

Quench dynamics has played a crucial role in understanding the delocalized side of the
MBL transition. This work investigates quench dynamics across many-body localization
(MBL) transition in an interacting one dimensional system of spinless fermions with
aperiodic potential. By considering initial states with various number of kinks in the
density profile, it has been shown that the quench dynamics is fasterfor initial states with
large number of kinks, whether itis measured in terms of the time evolution of the density
imbalance, or the sublattice entanglement entropy. This is because initial states with larger
number of kinks get contributions from a larger fraction of many-bodyeigenstates of the
Hamiltonian. This has interesting implications on the dynamical exponents, rate of
growthof various physical quantities and the critical disorderat which the dynamics freezes.
Though our study is on a system with aperiodic potential, but we believe thatthe kink
dependence observed in the quench dynamics isvery generic and should hold true even for
systems withrandom disorder.

39| SINP



Annual Report 2021-22

Electric field control of magnetism of Mn dimer

Different ways to control the magnetism of transition metal systems is of
great interest, both from fundamental and technological point of view. Recent work using
density functional theory calculations showed an interesting idea of using an external
electric field to tune the magnetic state of a Mn: clustersupported on a 2D substrate. The
non-metallic planar heterostructures, the 2D substrate, in this work was designed by
doping carbon hexagon rings in a hexagonal boron nitride (h-BN) sheet. The interaction
between two Mn atoms can be tuned from anti-ferromagnetic (AFM) to ferromagnetic (FM)
state by creating charge disproportion between the two on the 2D surface. Specifically, it
was shown that an external electric field can be used to control this charge disproportion
and hence the magnetism. The origin of this magnetic switching (from AFM to FM or vice
versa in an external electric field) is explained using the charge transfer from (or to) the Mn
dimer to (or from) the 2D material. This switching between anti-ferromagnetic to
ferromagnetic states can be useful for future spintronic applications.

Effect of site dilution in the three-dimensional Hubbard model

Materials like La;Cu.Mgi1-xO4 (non-magnetic Mg doped in place of Cu) have inspired some
site-diluted Hubbard model studies. Most of the earlier calculations were performed for two
and quasi-two dimensional Hubbard model. In a recent study, the impact of site dilution
was investigated in on a simple cubic lattice by setting the on-site repulsion strength (U) to
zero at a fraction of sites in the half-filled Hubbard model. A semi-classical Monte-Carlo
approach was employed, varying the fraction x of the Hubbard sites (U = 8). Main result is
the stability of the antiferromagnetic order down to a dilution of x ~ 15%. This is surprising
as the classically expected limit is twice as high, namely xu~31%. The diluted Hubbard
model calculations show that this finding is an effect of quantum charge fluctuations (only
thermal fluctuations exist in the classical case) inducing moments on the uncorrelated sites
(U=0), thereby stabilizing the antiferromagnetic order.
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Experimental Condensed Matter Physics
e Synthesis of single/poly-crystalline bulk, thin film and nano-materials
e Understanding crystal structure-property relation
e Study of magnetic and transport properties of materials
e Study of quantum phenomena at low temperature

Surface Physics

e Growth, structure and properties of low dimensional systems

e Controlled modification of surface and interface

e Structure and dynamics of surface and interfaces

e Plasmonic

Major Research Facilities

Category

Name of the Facility with applications

Growth facilities

Image furnace for single crystal growth

Pulsed Laser deposition system

Argon arc furnace

Ultra-high vacuum deposition system

Spin-coater: To grow controlled polymer and composite/hydride
thin films

Langmuir trough: To grow Langmuir(L), Langmuir-Blodgett
(LB) and Langmuir-Schaefer (LS) monolayers and

multilayers

Magnetron sputtering unit: To grow metal and metal oxide thin
films

Organic molecular beam epitaxy: To grow epitaxial thin films of
organic molecules / semiconductors

Metal organic vapour phase epitaxy: To grow epitaxial thin films of

inorganic semiconductors
Nanocluster deposition unit: To deposit nanoclusters of finite size
Clean Room: For device fabrication (microscope, mask-aligner)

Scattering
facilities

Powder X-ray diffraction facility
High resolution X-ray scattering setup: To understand the out-of-
plane structures of the low dimensional (LD) systems and their
evolution to find out the ordering or layering information (with
special emphasis on the film-substrate interface)

Dynamic light scattering setup: To determine particle or

aggregate size in solution
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Category

Name of the Facility with applications

Microscopy
facilities

Transmission electron microscope: To obtain particle size and
shape and crystal line phase information

Ambient scanning probe microscope: To obtain topography

and surface conductivity contrast

UHYV scanning probe microscope: For surface imaging and

local spectroscopy in wide temperature range and in UHV
Brewster angle microscope: To obtain monolayer phases, domains,
order phenomena, monolayer-multilayer transition

Low energy/photoemission electron microscope: To

understand the topography and surface dynamics of the LD
systems

Spectroscopy
facilities

Photoelectron spectroscope: To obtain depth dependence chemical
composition, vacuum, valance/HOMO levels from XPS, UPS and
ARPES spectra

UV/Vis/NIR spectro-photometer: To obtain information of particle
size,bandgap, r-conjugation aggregates from absorption spectra
Cathodoluminescence system: To understand the plasmonic
properties of individual metal nanoparticles

Photoluminescence system: To understand bandgap, coupling

strength and conjugation length of aggregates from emission

spectra

Property
measurement

ast e Solid state NMR system
facilities

e P-E loop tracer system

structures

¢ SQUID-VSM magnetic measurement setup
e High temperature VSM system
e Physical properties measurement systems
e Magneto-transport measurement facilities
e Measurement in milli-Kelvin range

e Semiconductor parameter analyzer: Field effect mobility,
current on/off ratio and operating voltage for various TFT

Research Activities

Condensed Matter Physics

Activities of the divisional members comprised of
synthesis and studies of various physical
properties of a wide range of different materials.
Studies include quantum Hall transport, spin-
polarized  transport, topological properties,
magneto-caloric and electro-caloric effect, colossal
and giant magneto-resistance, critical phenomena,
novel magnetic behavior etc.

A comparative study of low temperature magnetic
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properties for bulk and nanocrystalline Lao.4(Cao.5S10.5)0.sMnO3z compounds were performed.
Considerable enhancement of exchange bias as well as magnetic memory effect in
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nanocrystalline material has been observed compared to bulk. The Role of short-range
magnetic interaction between core and surface spins in exchange bias and memory effect in
nanocrystalline doped manganite was established. Another polycrystalline bulk
Pro.6A'0.2Sr0oMnOs (A' equivalent to Y, La) compound shows enhanced electron-electron
interaction in the study of magnetic, electrical, and magneto-transport properties. The
detailed investigations on the magneto-transport properties of the polycrystalline
(Smo.3Gdo.7)0.55510.4sMnO3 and (Smo.5Gdo.5)0.555r0.4sMnO3 compounds, having a glassy-like
and ferromagnetic ground states respectively have been carried out to show the spin-
polarized tunnelling and polaronic transport properties of the compounds. Real-space
imaging using low-temperature-high-magnetic field magnetic force microscopy revealed the
magnetic phase transformation in single crystalline Smo.s5Cap.255r0.2sMnO3 compound (see
Figures). These measurements provide real-space visualization of antiferromagnetic-
ferromagnetic (AFM-FM) transition on sub-micron length scale and explain the presence of
AFM-FM transition. Comprehensive experimental study on the magnetic and
magnetocaloric properties of a charge ordered single-crystalline Smos5Cao.25510.25MnO3
compound was performed and Schottky-like anomaly in the heat capacity and
magnetocaloric effect was observed.

The study of physical properties of different novel materials helps us to understand
various aspects of physics. In that direction, quite a few novel intermetallic compounds
have been synthesized for the first time and their magnetic and transport properties were
studied. For example, a new polycrystalline compound Pr.CoSis synthesized in the
laboratory forms in single phase only when controlled site-vacancies are deliberately
introduced as found in the case of Pr:CooseSizss. The material exhibits an interesting
competition of magnetic exchange interactions between itinerant Co-3d spins and local Pr
4f-spins resulting in a very unusual behaviour of temperature variation of isothermal
hysteresis. Magnetic structure of a related composition, TbyNio90Siz o4, has also been
investigated through neutron diffraction technique and found to have an ab-plane non-
collinear sine-modulated antiferromagnetic ordering with wave vectors of k1 = [+1/6, £1/6,
O] and k2 = [+1/3, £1/3, O]. The utilization of magnetocaloric properties is nowadays
considered as environment friendly refrigeration phenomenon and in this direction, it was
proposed an alternative method in identifying prospective materials by analyzing the
correlation of critical exponent f and the magnetocaloric parameters, and it has been found
that Erlrs could be a good candidate for helium liquification process. The multifunctional
properties of Cr-substituted ferromagnetic Nd2Fei7 have been studied and a very negligible
(close to zero) thermal expansion coefficient |a| = 1.9 x 10-6 K1, was found over a large
temperature range 15-320 K in NdoFei65Cros. Among the oxide systems too, very low
thermal expansion could be achieved over selective temperature region by tailoring the
tetragonality parameter of PbTiOs. Another unusual phenomenon observed in very few
materials, viz. negative magnetization in magnetic field-cooled protocol, have been
investigated in Gd:-xCaxMnO3 nanoparticle systems, and shown that the particle-size have a
strong effect on the same behaviour.

Quantum Hall system is a very
effective testing ground for studying
interactions among the quasiparticles.
Conductance across the copropagating
edge modes around the filling factor v =
4/3, 5/3, and 2 quantum Hall states are
measured by individually exciting the
modes. In these quantum Hall states, outer
unity conductance mode is common and
during co-propagation the outer unity
mode equilibrates with inner unity
conductance mode at v = 2 and with fractional quantum Hall edge modes at v = 5/3 and
4/3. It has been found that the equilibration length of the outer unity conductance mode at
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fractional fillings v = 5/3 and 4/3 is higher compared to the mode at filling v = 2. It was
argued that the significantly larger equilibration length for fillings v = 5/3 and 4/3
compared to the filling v = 2 arises from suppression of equilibration due to differing
character of the electron like quasiparticles in the outer unity conductance mode and the
anyon like quasiparticles in the correlated inner mode. The observed anyon like edge mode
with suppressed equilibration might be used as basis states for quantum information
processing.

Surface Physics

Members of the division are primarily engaged in understanding and tuning the surfaces
and interfaces of low-dimensional systems to achieve desired properties. Some of the
research activities are understanding vibronic states and edge-on oriented m-stacking in
poly(3-alkylthiophene) thin films; stearic acid mediated growth of edge-on oriented bilayer
poly(3-hexylthiophene) Langmuir films; morphology and optical properties of ZnO nanorods
and Au-ZnO heterostructures on different seed layers; manipulating edge current in
hexagonal boron nitride; transition metal oxide fornon-volatile memory and -catalytic
applications;coplanar metal-semiconductor-metal structures for visible photo detection.

The tuning of the structure to enhance 1£ Electronic 7

the optoelectronic, magnetic | éﬂg&gx% %%‘( < P30T: §
properties and use as flexible material [ 2 papDT: B
in the devices is a matter of great [ JTLJT%LT‘_‘_ > g
interest. A recent study shows the 5, ﬁ{;: ﬁ >Aap P3HT: &
influence of alkyl side-chain length .

and thermal annealing in the quantity Energy states Film structures Density contrast

and quality of m-stacked crystallinity Vibronic LT "JT-HAH_L, > ‘
and edge-on orientated (EO) ordering \%___ 2 ﬁj&ﬁ%ﬁ % rL—'r'-1-'._',. e < P30T: &
of spin-coated poly(3-alkylthiophene) [ 3 g 5 P3HT:
thin films, which are of massive | |||| IIWIW = = o
significance in their optoelectronic 0 :> P3DDT: &

properties, were investigated. The
energy-band diagram, corresponding to the vibronic levels, obtained from the optical
absorption spectrum provides information about the percentage, planarity, local order, and
average conjugation length of the crystalline aggregates, while the electron density profile
obtained from the X-ray reflectivity provides unique information about the EO ordering and
its variation along the depth.

Similarly, The growth and structural
evolution of stearic acid (SA)
Sof 32 phase blended poly(3-hexylthiophene)
- [PSBHT] Langmuir and Langmuir-
80 Blodgett (LB) films were studied

[P3HT+SA —— Aggregated 3D P3HT
P o

LE or “S1" phase ‘

{P3HT+SA|

: ERw I
LB trough ]
| Rejected P3HT | [ | .4

7=+~ bilayer islands - 2 using complimentary surface and
5 r“";*’""”;'””“’ﬁgﬁ ﬁa o' interface sensitive techniques to

] p;,’,‘T SA layer | O e B P understand  the  possibility of
[T [mN m] 40 ordering and layering of promising

charge carrier mobility polymers, at
the air-water interface and on the transferred solid substrate. The formation of nearly
covered P3HT(bilayer)/SA(monolayer) structured film on solid substrate is evident for the
first time, which has immense importance in the device properties, as the current in the
bottom-gated organic thin film transistors is known to travel only within few layers near
gate-dielectric.
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Zinc oxide (ZnO) has been considered one of the most versatile metal oxide materials having
a wide band gap (3.37 eV) and large exciton binding energies (60 meV). ZnO nanorods
synthesized by low cost and low
temperature chemical synthesis path
way depicts seed layer as one of the
key parameters in the growth
process. The enhancement of the
visible emissions of the ZnO
nanostructures is seen after the
incorporation of gold nanoparticles at
the surface. The optical band gap
obtained for Au-ZnO heterostructure
is 2.63 eV, which is lower than that
of ZnO NRs. This changing trend of
optical band gap for prepared Au/ZnO sample originated from the variety of defects. Tuning
of the band gap energy of such wide band gap semiconductor is highly important for room
temperature optical devices.

Composite Composite Ag seeded | Composite  Au-ZnO

>
T

The edges of the hexagonal boron nitride (hBN) flakes, upon oxygen doping, show enhanced
conductivity of up to 2 orders of magnitude. Low energy electron microscopy (LEEM)
confirmed that
the oxygen-
plasma treated
surface has
contracted
LEED peaks
[i.e., positive
peak shift as
shown in (b)], corresponding to the expanded lattice in real space [observed in the micro
electron diffraction (c) and (d)], arising from the edges of a typical hBN flake [as shown in
(a)]. This suggests that the defect induced electron transport along the edge can be
manipulated in an 1D-2D synergized insulator.

Irtenaty (ars una
™ ® 2

Oxides of different elements in the transition metal oxide (TMO) family namely, Zirconium,

Hafnium, Niobium and .
Do 1.8 ; 25

Cerium have been studied [+15V P il o IR to
. . . . | —a&—Datoctivity (x cmHz
investigate their various dfi —e—Photosensiviy (x10'cmW’)
properties for non-volatile 1.4+ 20

memory and  catalytic
applications. Temperature
dependent XPS studies sl
show dissociation of ZrO;

into Zr metal at 145°C in = . P
presence of HfO, in ZrHfO»,. < DO Vi, T TR
Despite similar atomic radii of
Zr and Hf, the stability of metastable tetragonal ZrO; (t-ZrO,) decreases probably due to the
influence of Hf present in ZriHf1-<O2. This stabilization was ascribed to a decrease in the Zr
coordination number upon the introduction of oxygen vacancies. A Less dense d band
causes the formation of metallic Zr at such a low temperature. In case of niobium oxide, the
XPS study indicates a change in oxygen vacancy with the Ar/O, ratios in the plasma during
deposition. It is found that content of NbO; in the NbO,-Nb2Os film decreases with the
oxygen content in the plasma. The frequency dependent curve of € and ¢’ show the oxide
deposited at lowest Ar/O; ratio offers maximum dielectric constant as it contains larger
defects in the form of oxygen vacancy concentration.

1.04 F1.6

1.0

A symmetric coplanar metal-semiconductor-metal structure has been successfully
fabricated on a qua-ternary thin film of (AliGaix)yIniyP [where y = 0.66 and x = 0.67]

45| SINP



Annual Report 2021-22

epitaxially grown on (100) semi-insulating GaAs (SI-GaAs) substrate for visible photo
detection. The dark current-voltage curve was fitted by employing a back-to-back connected
two-diode model to extract the barrier heights and ideality factor of the nickel contacts
which were found to be 0.84 eV, 0.82 eV and 1.014, respectively. The photo-response of the
device was studied in the wavelength range of 300-1000 nm which exhibited a peak at 610
nm. The photodetector showed a rise time of 91 ps and the decay characteristics exhibited
two channels of 83 ps and 282 ps, which are quite fast considering the temporal
performance of similar kinds of devices. The photocurrent showed sub-linear power
dependence with an increasing optical intensity which further refers to the recombination of
photogenerated electron-hole pairs through trap and recombination centres within the
forbidden gap.

Enhancement of optical properties like luminescence by organizing in 2D molecular crystals
(2D crystals) is a promising area of research for a variety of optical applications. The
process of assembling the molecules on water surface by applying surface pressure in a
Langmuir monolayer has shown many fold increase in luminescence of certain molecules.
The effect in thin free-standing 2D crystals of a mono-
cyclometalatedIr(Ill) complex and ZnS nanorods on the
water surface and the mechanism of surface
crystallization and reason for such enhancement was
predicted in recent studies. A large luminescence
enhancement is observed from the aggregation induced
emission (AIE) of 2D molecular crystals showing high
luminescence quantum yield (QY) at 300 K, which is
comparable with the rigidified solution at 77 K. In situ
synchrotron grazing incidence X-ray diffraction
measurements determine the structure of the
constituent centered rectangular unit cells with precise
v molecular conformation that promotes the formation of
A 2D crystals resulting in such large enhancement in the
luminescence for the aggregated molecular system on
i water surface. Similar to the mono-cyclometalated Ir(III)
: complex, the anisotropic ZnS NPs are important
_,A__,\_,__,_ materials for photonic applications, fluorescent displays,
qfm? electroluminescent devices, infrared windows, lasers,

solar cells, and sensors. The self-assembly of anisotropic
nanomaterials into ordered multidimensional (2D and 3D) arrays were studied using in situ
X-ray reflectivity (XRR) and grazing incidence small-angle X-ray scattering (GISAXS) from
the layer of ZnS nanorods at the air-liquid interface. Study shows that at high surface
pressure, ZnS NRs self-assemble into a bilayer 2D square superlattice, coupled by their
organic surface ligands along the out-of-plane direction with NRs lying side by side flat in
the in-plane direction at the liquid surface. Upon increasing subphase temperature, a
transformation of the 2D superlattice into a 3D multilayer structure of the nanorods was
observed. On the basis of the extracted parameters (film thickness, electron density of each
layer, and in-plane lattice parameters), a packing model of the hierarchical self-assembly of
anisotropic NRs on the water surface has been proposed.

o
=

q, [om’]

1 2 : 3
q. [nm |

Intensity [a.u.]

[

a, [nm’}

1 2 3

I T
q_ [nm Yl q, [om']

Grazing Incidence X-ray Scattering (GIXS) beamline at INDUS-2, RRCAT, Indore

The GIXS beamline (BL-13) at Indus-2 is now fully operational and commissioned to the
users’ operation. All the safety related issues have been cleared and the permission from
AERB has been obtained (August 2021) for its regular use. Following this, the beamline is
accepting scientific proposal through online portal of Indus-2, RRCAT website and also a
few scientists from research institutes and universities have started using this beamline as
the regular users. Two post-doctoral researchers have been stationed in the facility to assist
the users as well as to carry out their own research work.
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Group E
SIRD, Computing & Network, Workshop, Building Maintenance (Civil & Electrical)

Scientific Information and Resource Division (SIRD) : Study, Teaching
&Outreach

Teaching and Training In SINP

Post-M.Sc. Course 2022

The Post-M.Sc. course for the year 2022-23 has begun in January 2022. A total of 19 Post
M.Sc. students (Experimental Physics - 08, Biophysical Sciences- 08, Theoretical Physics —
03) have been enrolled into the programme.

Souradeep Thakur - Arka Patra Amrita Goswami
3 Si Maiti s Gourab Banerjee 3 Ankita Karmakar
o itaram Maiti g Joydip Dey 214 Anup Jha
§ Soujanya Datta g Manisha Samal 2 g Madhumanti Halder
e 'g Saikat Ghosh 'g‘ .g Prem Das
o 2 Sanjeev Maurya 171 Priyam Guha
[" (&) Suman Kumar Ghosh A Sandhik Nandi
Suparna Sahoo Sneha Dutt
Details of the Courses :
Theoretical Physics Courses

(F:'enod & Subject Instructor[Teaching Assistant]
ourses
o | 2| Statistical Mechanics Prof. Debasish Banerjee [Dr. Aditya Banerjee]
g9 B
o N uantum Mechanics rof. Debasish Majumdar[Dr. Ananya Mukherjee
;i";Q Mechani Prof. Debasish Majumdar[Dr. A Mukherjee]
— (] o
— DI < | Quantum Field Theory-I Prof. Munshi G. Mustafa &Prof. Harvendra Singh
B o 2
= 5| €
b <1 S| Computational and Numerical Methods Prof. Arunava Mukherjee

Advanced Condensed Matter Physics Prof. Arti Garg
}1} ~ Gravity Waves & Astrophysics Prof. Arunava Mukherjee
wnl o
.GE’ 5 g Quantum Field Theory-lI Prof. Arnab Kundu
H 2 E Particle Physics Prof. Ambar Ghosal &Prof. Prakash Mathews
© 1 o
§ S| < | Research Methodology Prof. Kumar Gupta &HBNI online courses
(] ]

$ﬁad1ng course: Basic Ingredients of String Prof. Harvendra Singh

eory

Project Title Student [ Supervisor ]
8>\ 005 % . . . . e .
gg 2 p' = | Dynamics in Many-body Localized Systems | Sitaram Maiti [ Prof. Arati Garg ]
— I
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Floquet Approach for Strongly Correlated
Systems

Soujanya Datta [ Prof. Arati Garg ]

Experimental Physics Courses

Experimental Techniques / Lab rotation

Eenod & Subject Teacher [ Teaching Assistant ]
ourses

Statistical Mechanics Prof. Debasish Banerjee [Dr. Aditya Banerjee]
_ L . Prof. Satyaki Bhattacharyya [Priyabrata Seth,
g g Sg Quantum Mechanics Suman Das Guptal
o N
g O ? Prof. Supratik Mukhopadhyay, Prof. Nayana
= 9 < | Computational and Numerical Methods Majumdar, Prof. Debasish Das, Prof. Arunava
o o £ Mukherjee
| < 8

Experiments Prof. SukalyanChattopadhyay and Prof. Sankar De
Physics, Signatures and Astrophysics of .
Quark-Gluon Plasma (QGP) Prof. Debasish Das
Experimental techniques in Astrophysics Prof. Mala Das and Prof. Maitreyee Nandy
o VLSI technology: Growth, deposition and .
5 g - lithography Prof. Supratic Chakraborty
E oN (] .o .
‘T 5| & | Advanced Materials Science and Surface Prof. Satyajit Hazra, Prof: Satyaban Bhuma,
H S| © Physics Prof. K.S.R. Menon, Dr. Biswarup Satpati and
9 -§: Prof. Mrinmay K. Mukhopadhyay
o C
9 © Advance Course on Laser Spectroscopy / Dr. Montu K. Hazra
A Molecular Spectroscopy
Advanced Nuclear Physics Prof. Ushasi Datta
Intermediate C++ and the ROOT Analysis .
Framework Prof. Subir Sarkar
Project Title Student [ Supervisor ]
Plsspc1at10n of polyatomic molecules by Manisha Samal[Prof. Sankar De ]
ion impact
Structural studies of semiconducting
blended polymer films for flexible and Gourab Banerjee[Prof. Satyajit Hazra ]
transparent electronics
b Nuclear astrophysics: Nucleosynthesis . .
O 2
5 g .g process and nuclear physics inputs Joydip Dey [Prof. Ushasi Datta ]
g ?9 g Tuning wettability and structures of
. <0 po.lym'er blendgd organic semlconductpr Suman Kumar Ghosh[Prof. Satyajit Hazra ]
9 > .0 | thin films for high-performance organic
= =| 2| transistors
= o

Identification of emergent Half-metallic
ferromagnets for spintronic Devices

Arka Patra[Prof. Chandan Mazumdar ]

Understanding particle interactions

Sanjeev Maurya[Prof. Debasish Das ]

Study of Silicon Tracking Detectors in the
High Energy Physics Experiments

Saikat Ghosh[Prof. Suchandra Dutta ]
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Growth and Characterization of metal
nano-clusters

Suparna Sahoo[Prof. Supratic Chakraborty ]
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Bio-Physical Sciences Courses

Period &

C Subject Teacher
ourses
Q Principles of Biochemistry Prof. Oishee Chakraparti, Prof. Soumen Kanti
o Manna, Prof. Chandrima Das
O Prof. Sangram Bagh, Prof. Dulal Senapati,
§ & |2 | Principles of Physical Chemistry Prof. Padmaja Prasad Mishra, Prof. Debashis
2| Mukhopadhyay, Prof. Subhendu Roy
O
E ] . Prof. Subhendu Roy, Prof. Rahul Banerjee,
2 | on | Q| Structural and Computational Biology Prof. Udayaditya Sen, Prof. Sampa Biswas,
c | 2 Prof. Subhabrata Majumder, Prof. H.Raghuraman
o Prof. Kaushik Sengupta, Prof. Debashis
= | Advanced Laboratory Practices Mukhopadhyay, Prof. Padmaja Prasad Mishra,
Prof. Dulal Senapati, Prof. Soumen Kanti Manna
Advanced Biophysical techniques
— | Macromolecular crystallography Prof. Sampa Biswas & Prof. Udayaditya Sen
g Chromatography and Mass Spectrometry Prof. Soumen Kanti Manna
Spectroscopic techniques Prof. Dulal Senapati
o Imaging techniques Prof. Padmaja Prasad Mishra
] ~ Topics in Cell Biology
0| o Cell cycle Prof. Dulal Senapati
% o Mechanobiology Prof. Kaushik Sengupta
3 % S | Chromatin and epigenetics Prof. Chandrima Das
s p= Intracellular trafficking Prof. Oishee Chakrabarti
5’5’ - Neuroscience Prof. Debashis Mukhopadhyay
Topics in Modern Biology
Membrane Biophysics and Structural
2 | Dynamics of M2n¥brane Proteins Prof. H.Raghuraman
S | Introduction to Synthetic Biology Prof. Sangram Bagh
Drug Discovery: Modern Day Approach Prof. Subhabrata Majumder
Nanobiomaterials Prof. Dulal Senapati
Project Title Student [ Supervisor ]
Effects of nutrient availability and hypoxia| Amrita Goswami [ Prof. Soumen Manna ]
on therapeutic sensitivity of cancer cells
Role of FGF receptor family of RTKs in Ankita Karmakar [ Prof. Debashis Mukhopadhyay ]
9 Alzheimer's disease and their regulation
_ ‘s | through ncRNAs
9 | X P Neurodegeneration induced nuclear bodies| Sneha Dutta [ Prof. Debashis Mukhopadhyay ]
¢ | & |3 | and their scaffolding IncRNAs - Possible
E % 'S | Involvement in Alternate Splicing
L N & Epigenetic reprogramming of the stress- Sandhik Nandi [ Prof. Chandrima Das]
2 > | response pathways: Challenges of cancer
< | = |@ | drugresistance and therapeutic potential
‘o' | of the chromatin reader proteins
8- | ER stress surveillance (ERSU) checkpoint in| Prem Das [ Prof. Oishee Chakrabarti ]
mammalian cells
Regulation of mitochondrial dynamics in Madhumanti Halder [ Prof. Oishee Chakrabarti ]
cardiomyocytes

Summer & Undergraduate Associateship (UGA) Programme
In view of the Covid-19 pandemic, this programme was not conducted this year.

50| SINP




Annual Report 2021-22

Outreach Programme

@"-si"' SR LAY
, SAHA INSTITUT
7 NUcLE 745

SINP participated in Meghnad Saha Smarak Vigyan Mela at Triangular Park, Kolkata,
from 09.03.2022 -12.03.2022

Outreach programme at Sundarban Kristi Mela O Loka Sanskriti Utsab at Kultali,
Sundarban, South 24 Parganas, from 28.01.2022 to 06.2.2022

51| SINP



Annual Report 2021-22

Students’ Awards

Best Performance Awards for Students

Munmun Twisha has been awarded the best performance prize in Post-M.Sc. in the session
2020-21 in Physics.

Arpan Bysack has been awarded the best performance prize in Post-M.Sc. in the session
2020-21 in Biophysical Sciences.

Munmun Twisha has been awarded the A.P. Patro Memorial Prize in Post-M.Sc. for the
session 2020-21 in Physics.

Best Thesis Awards 2021

Dr. Madhurima Pandey [Prof. Debashis Majumdar| for his PhD work on Astroparticle
Physics with Particle Dark Matter Models, Neutrinos and Gravitational Waves from First
Order Electroweak Phase Transition.

PhD Awarded (April 2021 to March 2022)

1. Dr. Anindita Das [ Prof. H. Raghuraman | Structural Dynamics of the KvAP Voltage
Sensor During Lipid-Dependent Gating, Homi Bhabha National Institute, Mumbai,
27 Oct 2021 [PDC]

2. Dr. Anwesha Chattopadhyay [ Prof. Arti Garg | Strongly Correlated Band Insulators
And Emergent Superconductivity: A Generalized Gutzwiller Projection Approach |,
Homi Bhabha National Institute, Mumbai, 28 Jul 2021 [PDC]

3. Dr. Apurba Dutta [ Prof. Indranil Das | Magnetic, Electrical and Magnetotransport
Properties of Rare-Earth and Transition Metal Based ABO3 Type Compounds , Homi
Bhabha National Institute, Mumbai, 04 Mar 2022 [PDC]

4. Dr. Aranya Bhattacharya [ Prof. Shibaji Roy and Prof. Harvendra Singh | On
Holographic Entanglement Entropy And Sub-Region Complexity Of Various Black
Solutions In AdS/CFT, Homi Bhabha National Institute, Mumbai, 15 Jun 2021 [PDC]

S. Dr. Aritra Das [ Prof. Munshi G. Mustafa and Prof. Pradip K. Roy | Effects of
magnetic field in Heavy-ion Collision Phenomenology, Homi Bhabha National
Institute, Mumbai, 09 Nov 2021 [PDC]

6. Dr. Ashok Kumar Mondal [ Prof. Chinmay Basu ] Study Of Astrophysical Reactions
Using Indirect Method, Homi Bhabha National Institute, Mumbai, 17 Mar 2022
[PDC]

7. Dr. Augniva Ray [ Prof. Arnab Kundu | Aspects Of Supersymmetric Localization And
Exact Results In N=2 Supersymmetric Theories, Homi Bhabha National Institute,
Mumbai, 07 May 2021 [PDC]

8. Dr. Avik Paul [ Prof. Debasish Majumdar | Phenomenology Of Some Particle Dark
Matter Models And Their Implications In Gravitational Wave Emissions From Early
Universe, Homi Bhabha National Institute, Mumbai, 22 Feb 2022 [PDC]

9. Dr. Bibhuti Bhusan Jena [ Prof. Krishnakumar S. R. Menon | Magnetic Coupling

Across The Antiferromagnetic-Antiferromagnetic Interface, Homi Bhabha National
Institute, Mumbai, 24 Jan 2022 [PDC]
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10.Dr. Bithika Karmakar [ Prof Munshi Golam Mustafa | Thermodynamics of hot And
dense QCD Matter In non-Trivial Background, Homi Bhabha National Institute,
Mumbai, 01 Feb 2022 [PDC]

11.Dr. Dipak Mazumdar | Prof. Indranil Das | Physical Properties and Related
Phenomena in Some Selected Rare-Earth Transition Metal-Based Perovskite
Compounds., Homi Bhabha National Institute, Mumbai, 10 Jan 2022 [PDC]

12.Dr. Jhuma Ghosh [ Prof. Sukalyan Chattopadhyay | Charmonium studies at forward
rapidity with ALICE Muon Spectrometer at the LHC, Homi Bhabha National Institute,
Mumbai, 04 May 2021 [PDC]

13.Dr. Kaushik Chanda [ Prof. Debshis Mukhopadhyay | Understanding The Roles
Played By Receptor Tyrosine Kinase(S) And Non-Coding Rna(S) In
Neurodegeneration, Homi Bhabha National Institute, Mumbai, 03 Jun 2021 [PDC]

14.Dr. Madhurima Pandey [ Prof. Debashis Majumdar | Astroparticle Physics With
Particle Dark Matter Models, Neutrinos and Gravitational Waves From First Order

Electroweak Phase Transition, Homi Bhabha National Institute, Mumbai, 25 Aug
2021 [PDC]

15.Dr. Pintu Barman [ Prof. Satyaranjan Bhattacharya / Prof. Supratic Chakraborty |
Nanostructuring on solid surfaces using low energy atomic and cluster ions, Homi
Bhabha National Institute, Mumbai, 11 August 2021

16.Dr. Prasant Kumar Rout [ Prof. Supratic Mukhopadhyay and Prof. Satyaki
Bhattacharya | Search for new resonances in the diphoton final state in proton -
proton collisions using the CMS detector at LHC and studies on the CMS forward
muon spectrometer in the HL — LHC scenario, Homi Bhabha National Institute,
Mumbai, 07 Jan 2022 [PDC]

17.Dr. Prithwijita Ray [ Prof. Anjali Mukherjee and Prof. Asimananda Goswami |
Vibrationat Structures of Nuclei Near Z=50 Shell Closure, Homi Bhabha National
Institute, Mumbai, 28 Mar 2022 [PDC]

18.Dr. Rajkumar Santra [ Prof. Subinit Roy and Prof. Chinmay Basu | Indirect
Experimental Techniques For Nuclear Astrophysics, Homi Bhabha National Institute,
Mumbai, 18 Jun 2021 [PDC]

19.Dr. Ram Sewak [ Prof. Chandi Charan Dey | Studies On Some Technologically
Important Intermetallic Compound Of Zr/Hf/Ti And Pd/Co/Ni By Nuclear Probing,
Homi Bhabha National Institute, Mumbai, 21 Feb 2022 [PDC]

20.Dr. Sathi Sharma [ Prof. Maitreyee Saha Sarkar | Study of Low Energy Resonances
and B-Decay Relevant For Nuclear Astrophysics, Homi Bhabha National Institute,
Mumbai, 13 May 2021 [PDC]

21.Dr. Satyabrata Maiti | Prof. Dhananjay Bhattacharyya and Prof. Montu Kumar
Hazra | Non-Canonical Base pairs in RNA and their Involvement in Double Helix
Formation, Homi Bhabha National Institute, Mumbai, 19 Apr 2021 [PDC]

22.Dr. Satyaki Chatterjee [ Prof. H. Raghuraman ] Gating-induced structural and
functional dynamics of magnesium channels in membranes, Homi Bhabha National
Institute, Mumbai, 05 August 2021 [PDC]

23.Dr. Sayak Mukhopadhyay [ Prof. Sangram Bagh | Synthetic and Systems Biology

Methods for Application in Gene Circuits and Microgravity Related Space Biology,
Homi Bhabha National Institute, Mumbai, 11 October 2021

53| SINP



Annual Report 2021-22

24.Dr. Snehal Mandal [ Prof. Indranil Das | Magnetotransport And Magnetic Properties
Of Some Doped Manganite Thin Films And Heterostructures, Homi Bhabha National
Institute, Mumbai, 28 Mar 2022 [PDC]|

25.Dr. Sridhar Tripathy [ Prof. Nayana Majumdar | Imaging With Cosmic-Ray Muons
Using Gaseous Detectors, Homi Bhabha National Institute, Mumbai, 12 Jan 2022
[PDC]

26.Dr. Sunita Sahoo [ Prof. Mala Das | Characterisation Of Low Mass Target
Superheated Liquid Detector And Its Application To Dark Matter Search, Homi
Bhabha National Institute, Mumbai, 16 Nov 2021 [PDC]

27.Dr. Wadut Shaikh [ Prof. Sukalyan Chattopadhyay | Bottomonium studies at LHC
energy using ALICE muon spectrometer, Homi Bhabha National Institute, Mumbai,

12 Feb 2021@
[ PDC is Provisional Degree Certificate |

@Not included in 2020-21

Awards and Distinctions

Prof. Oishee Chakrabarti has been elected as Fellow of the National Academy of Sciences
India(NASI).

Prof. Satyaki Bhattacharya has been elected as Fellow oflndian Academy of Sciences,
Bengaluru.

Dr. Avik Banerjee has been awarded “Outstanding Doctoral Student Award” (2020) by
Homi Bhabha National Institute (HBNI). Dr. Banerjee completed his PhD work under the
guidance of Prof.Arnab Kundu.

Prof. Gautam Bhattacharyya delivered the DAE C.V. Raman Lecture (2021-22) organised
by Indian Physics Association at NISER, Bhubaneswar.
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Special Events in SINP

Foundation Day (January 11, 2022) Programme

Prof. Gautam Bhattacharyya, Director, SINP garlanded the bust of
Prof. M. N. Saha on the Foundation Day

Foundation day address by Shri K. N. Vyas, Chairman, SINP Governing Council

and Atomic Energy Commission, Gout. of India
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Swachhata Pakhwada, February 16 - 28, 2022

SINP conducted Swachhata Pakhwada
with (a) awareness and training
programmes , (b) poster competition on
“Swachhata Hi Seva”, “Say no to plastics”,
“Save water” and “Green Earth” for the
members of Institute to spread Swachhata
awareness, (c) Shramdaan activities
inside and outside of the Institute campus
and Megnad Saha Abasan Campus and
(d)plantation drive.

International Women’s Day 2022

Dr. Rima Mukherjee, Consultant
Psychiatrist & Founder Director,
Crystal Minds, Kolkata delivered a
lecture on Mental Health of
Empowered Women

Mrs. Ananya Chakraborti Chatterjee,
Chairperson, West Bengal
Commission for Protection of Child
Rights spoke about Gender Bias at
the workplace

From the Pink Corner: the
perspective of women in
academic & social environment
being delivered by Dr. Rupali
Gangopadhyay, Head, Department
of Chemistry, Sister Nivedita
University, Kolkata
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Technical, Administrative and Auxiliary Staff List

As on 31.03.2022

Group A Group B Group C Group D
Sri Abhijit Bhattacharya Sri Abhijit Sanyal Sri Nilanjan Biswas Sri Arindam Chakraborti
Sri Arijit Pal Sri Arindam Das Sri Prodyut Kr. Mitra  Sri Avijit Das
Sri Avijit Shome Sri Chandra Nath Marik ~ Smt. Sangita Pande  Sri Debraj Dey
Sri Bablu Ram Sri Dilip Kr. Sardar Sri Subrata Baidya Sri Dhrubajyoti Seth
Sri Bikram Nath Sri Dipankar Das (HENPP) Sri Goutam Sarkar
Sri Deepak Kr. Ram Sri Dipankar Das (PPD) Sri Jayant Kr. Mukherjee
Sri Jitendra Nath Roy Sri Dwijendra Das Dr. Nilkamal Barai
Sri Nirmal Das Sri Kaushik Chatterjee Smt. Papia Mondal
Sri Raju Dutta Smt. Lipy Das Bose Sri Prabir Das
Sri Saikat Mukherjee Sri M.Mahendar Dr. Ramkrishna Dev Das
Dr. Sushanta Debnath Sri Manik Kujur Sri Souvik Banerjee

Sri Shaibal Saha Sri Syama Prasad Mallik

Smt. Soma Roy
Sri Soumya Sankar Basu
Sri Umesh Kumar Gond

Smt Mahuya Dutta . : o ..
Sri Subir Bandyopadhyay Mr. Rizwan Ahmed Sri Biswajit Dutta
Sri Ashok Kr. Ram

Sri Sakal Dev Ram Sri Kuntal Sarkhel Sri Gobardhan Jana

Sri Sanjay Shaw Sri Prabir Das Sri Jhantu Mallick

. . Sri Rakesh Kr. Ram N
Sri Shyamal Ch. Digar Sri Sudam Bagdi Sri Rajeshwar Dubey

Smt. Suro Mahato

Sri Madhu Sudan Samal

Group E
Technical Technical Technical Technical
Sri Gobinda Pal Sri Dilip Kr. Chakraborty Sri Abhijit Kumar Malakar Sri Adhir Sarkar
Sri Nil Kanta Sinha Sri Jagannath Mandal Sri Kausik Das Sri Bhairab Ch. Nath
Sri Rajkumar Sengupta Sri Jai Prakash Tiwari Sri Kishori Lal Ram Sri Biplab Kr. Dey
Sri Siddhartha Saha Sri Kalluri Venugopala Rao Sri Mahesh Hembram Sri C. Palanivel
Sri Sujoy Halder Sri Mahendra M. Khapekar Dr. Manlunching Sri Debasish Sen
Sri Sunil Murmu Sri Pintu Sahoo Sri Manoj Karmakar Sri Durlav Tudu
Sri Tarak Nath Sardar __ Sri Pratap Dhanuk Sri Nilanjan Aich Sri Himadri Chakraborty
© Sri Shourab Karmakar Sri Pradip Das q Dr. Jisnu Basu
Administrative -¢ Sri Somenath Ghosh Sri Samit De O Sri Narayan Chandra Dey
Sri Pinaki Saha 15 Sri Soumendra Pal 2 G Sri Partha Sarathi Karmakar
 Sri Sujit Maity & Auxiliary < Sri Ramen Jana
Auxiliary "'.J - Sri Kartick Ch. Panigrahi § Sri Sadip Patra
Sri Shyamal Kr. Bose = Auxiliary Sri Sanjib Kr. Roy Sri Subal Ch. Bindi
Sri Bijay Ram Sri Sudipta Barman
Sri Sankar Adhikari Sri Sunil Das

Sri Supriya Mondal
Sri Tarun Tapan Biswas

Auxiliary
Sri Gopal Das
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Technical Technical ‘ICJ Technical
Sri Abhijit Betal Sri Balli Rana © Sri Ajoy Chakrabarty
Sri Nandalal Sanpui Md. Manayar Hasan Mondal ‘E_ Smt. Pampa Bhattacharjee
@  Sri Deeptish Dey >,  Sri Dukha Krishna Reddy Q
S Sri Soumya Majumdar ‘E Sri Subrata Kr. Chowdhury l“_-’
Q. Sri Sumit Basu 3
g Sri Subhendu Biswas @ -
O &2 5  Technical
Auxiliary Q. Sri Surai Mandi
Sri Siladitya Chakraborty % Sri Trinath Maharana
Smt. Radha Debi Ram |: Sri Dharmendra Prasad
Administration Section
'S Sri Ashoke Kr. Roy Sri Rudal Prasad Ram
|“_’ Sri Nabin Kumar Halder Sri Sanat Kumar Kotal
Sri Aditya Dhara Sri Gopal Banik Ms. Rekha Ram
Sri Ajoy Kumar Biswas Sri Goutam Ghosh Sri Sagar Kumar Behera
Sri Akash Kumar Singh Sri Goutam Mandal Sri Sanjib Kr. Mondal
Sri Amartya Basu Sri James Wilson Kerketta Smt. Seethalakshmi Rath
o Ms. Amrita Acharjee Sri Jeevan Shaw Sri Somnath Sarkar
.2 | Sri Asim Haldar Sri Manoj Biswas Sri Soumyajit Karmakar
§ Sri Avijit Saha Sri Manoj Lakra Sri Subhajit Biswas
+ | Sri Avishek Pal Smt. Monika Bhattacharya Sri Subhasish Ghoshal
‘e | Sri Bibekbijay Bandyopadhyay Sri Nand Kishor Gond Sri Subhendu Naskar
E Sri Bijoy Kr. Das Sm. Nirupama Halder Sri Subir Modak
© | Dr. Bimlesh Kr. Tripathi Smt. Paramita Pal Sri Suchintya Kumar Gupta
< Sri Birender Prasad Sri Pourjok Majumder Smt. Suparna Das
Ms. Daivam Sridevi Sri Prabir Kumar Mondal Sri Supriya Gangopadhyay
Sri Dipak Kr. Das Sri Pradip Dutta Sharma Sri Tarak Chandra Nath
Sri Gautam Das Sri Raghunath Naskar Sri Ved Prakash Mishra (on
Sri Gobinda Ch. Roy Sri Ranjit Roy deputation w.e.f 01.01.2021)
Sri Amit Hari Sri Joyram Murmu Sri Ramesh Hari
Sri Arun Kumar Dutta Sri Kala Chand Hela Sri Ramesh Singh
Sri Ashok Mallick Sri Kartick Ch. Pal o s e
£ Sri Asish Ram Sri Madhusudan Bhakta . P -
© At . Sri Santosh Hari
.= | Sri Bipin Bose Sri Mahadeb Das Sri Shankar Ram
"X Sri Biswanath Paul Sri Mangal Oraon .o
3 | i Gopal Ch. Ghosh Sk. Mostakin Sri Sibu Oraon
< . ' o Sri Singh Bahadur Thapa
Sri Gopal Chandra Saren Sri Pintu Ram Sri Somenath Das
Sri Gour Hari Das Sri Prabir Biswas Sri Uttam Kr. Ro
Smt. Jhuma Rajak (Ghorai) Sri Prabir Kr. Mistri - ROy
c
8 Sri Barun Kumar Barua Sri Subodh Kumar Pradhan
= Sri Sailen Halder Sri Sunil Ram
8 Sri Shankar Andia

Scientific 65 53

echnical 105 99
Administrative 52 43
Auxiliary 49 46
Canteen 6 6

otal 277 247
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Major Facilities in SINP

Computing and Networking Facility
Computing support

This unit manages three different High Performance Computing (HPC) systems for serving
computational needs of the institute members. One of them is a RISC architecture based
system while other two are Intel x86_64 CPU based system.

The RISC based one is a IBM Power7 Server setup having a theoretical peak performance of
about 800 GFLOPs with AIX operating system.

The second one is a HPC cluster based on Intel x86_64 architecture having a theoretical
peak performance about 1 TFLOPs. It runs on Linux operating system.

A new HPC system with 1 master node and 15 computing nodes connected by a high speed
modern 10G interconnect was commissioned in 2019. Each of the servers is configured
with 2 x Intel Xeon Gold 6140 CPU @ 2.30GHz 18Cores and 96GB Primary Memory. During
the year under consideration a Parallel File System (PFS) powered storage of 100TB is
included into our inventory along with 10 more computational servers each with 2 x Intel
Xeon Gold 6230R CPU @ 2.10GHz 26 Cores, and 396 GB system memory. The initiative
taken has made a considerable increase in storage space and computational power and
raised the peak performance from 37 TFLOPs to 70 TFLOPs.

In the coming year, we are planning for memory upgrade of the old compute nodes and to
include more computational nodes.

Software support

A number of application software e.g. MATHEMATICA, MATLAB, ORIGIN with network
floating license are running on a Linux server for the Institute users.

Network support

The wired network of the Institute is a multi-layered (Core-Distribution-Access) design with
layer 3 features at the core. The wired network runs on HPE Aruba switches. The wireless
network runs on a LAN controller based setup using Cisco AP's. The perimeter security of
the Institute network is managed by appliances based UTM solution. The up-links to
Internet, DAE-VRF and the LHC computing grid are on NKN links through Cisco and
Juniper routers.

IT Security Support

The division takes care of various IT security needs of the installations under its control
and that of the Institute at large. The recommendations and guidelines of the CISAG
(Computer & Information Security Advisory Group), DAE are followed and periodic exercises
and assessments are carried out.
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Summary
(April 2021 - March 2022)

Founded as the ‘Institute for Nuclear Physics’ in 1949, SINP was given its present name
after the demise of its founder Director, Prof. Meghnad Saha, a world famous
astrophysicist, well-known for his discovery of Thermal Ionization Equation. A Post-M.Sc.
course in Physics, seemingly the first of its kind in the country, was launched in this
Institute in 1953. The purpose of this course was to train students for research in Nuclear
Science. In subsequent years, SINP had expanded the scope of this course to embrace other
areas of Physics and Biophysical Sciences, and since 1993-94, the Post-M.Sc. course has
become an integral part of doctoral research in SINP.

In research, SINP is engaged in basic scientific research in several frontier areas of Physical
and Biophysical sciences. At present, its research activities are spread over four groups -A,
B, C and D.Activities in Group E are divided in five areas - SIRD, Computing & Network,
Workshop, Building Maintenance (Civil & Electrical).Scientific Information and Resource
Division (SIRD) coordinates and integrates activities in training of Post-M.Sc. students,
summer & undergraduate programmes, library, M.N. Saha Archive and organizing various
outreach programmes. At present, the Institute has sixty five(65) scientific members, one
hundred and seventyfive (175) research scholars and post-doctoral fellows. Nineteen (19)
students were inducted in Post-M.Sc. course during this year.

Major accomplishments of the Institute in R&D include

1. Commissioning of FRENA (Facility for Research in Experimental Nuclear
Astrophysics). It has been installed in 2018 and now in the process of receiving the
AERB permission for full operation. The setup is to be utilized for calibration
experiments like 7Li(p,n) reaction. A small target chamber is coupled followed by a
faraday-cup to dump the beam and current measurements for thin targets.

2. The GIXS beamline (BL-13) at Indus-2 is now fully operational and commissioned to
the users’ operation. All the safety related issues have been cleared and the
permission from AERB has been obtained (August 2021) for its regular use.
Following this, the beamline is accepting scientific proposal through online portal of
Indus-2, RRCAT website and also a few scientists from research institutes and
universities have started using this beamline as the regular users. Two post-doctoral
researchers have been stationed in the facility to assist the users as well as to carry
out their own research work.

3. Developing the Jaduguda underground National laboratory to operate at a depth of
555 m with data of cosmic muon flux, radon and gamma rays being monitored and
recorded by scientists. The study of angular distribution of Atmospheric muons
using a Cosmic Ray Telescope is ongoing. This work has two parts: simulation and
performing experiment at surface (at SINP) and in the underground (at JUSL). The
simulation work with CORSIKA and Pythia software has been started. Measurements
are carried out on the fast neutron background, using proton recoil scintillation, in
the underground laboratory at Jaduguda.

4. The institute is also engaged in several large international collaborations, like CMS,
ALICE, MAGIC, etc.
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During this period researchers of SINP had published 383 (average impact factor (IF) of
4.735) scientific articles in refereed journals of which 129 are in international
collaborations (IC). 165 out of 383 articles were published in journals of IF > 5 (of which 86
are in IC) and 111 in journals of IF > 6 (of which 61 are in IC). Twenty seven (27) Research

Fellows were awarded PhD degrees during this period.

Several national level programmes such as Swatchata Pakhwada, Hindi Diwas,
International Yoga Day, Women’s Day, etc. were observed with enthusiastic participation

from students and staffs.
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Future Programmes of SINP

The future programmes of the Institute are broadly divided into three major projects. In the
following, the major research activities to be undertaken in each of the three programmes
together with the scope under each activity are listed:

Research in Groups B & C

This project encompasses (a) basic research at the frontiers of Nuclear, Astroparticle,
Atomic, Molecular, Plasma and Theoretical physics and (b) utilization and augmentation of
two national research facilities namely, Facility for Research in Experimental Nuclear
Astrophysics (FRENA) and Jaduguda Underground Science Laboratory (JUSL) for dark
matter search. These facilities will be unique of their kind in India.

Scope of the Project

Detectors, related electronics, data acquisition system including FPGA
infrastructure, high and low voltage precision power supply systems and related
accessories

Vacuum pumps, gas mixing units, ancillary equipment and systems

Computers, peripherals, digitizers, related software and equipment

Experimental facilities development including RBS setup, scattering chamber, beam
line and associated equipment for FRENA

High resolution Scintillator detector array setup for fast timing measurements, and
accessories (5)
Charged particle and neutron detector arrays

Muon telescope, Imaging Atmospheric Cherenkov telescope, related equipment and
accessories

Lasers, optical measurement systems, spectrometers and accessories

Active shielding with light readout, radiation and environmental monitoring,
firefighting system related safety equipment at JUSL

Cryo-cooler, ultrapure water purification system, water chiller, water and pure gas
circulation system for cooling, gas purging, pumps, compressors, related accessories
High Performance Compute- cluster and related accessories including room and
facility upgrade

Detector fabrication, readout, components of gas system, gas mixing, detector
holding structure

Spare parts and software for research support

Supplies needed for regular maintenance and running of the FRENA Machine,
related facilities and consumables

Fibers, Optics and Opto-mechanics

Chemicals, pure and mixed gases, shielding materials and accessories

Office infrastructure

Consumables, maintenance of small computers, printers, copiers, etc. and other
facilities

Consumables for Imaging Atmospheric Cerenkov Telescope & super-heated liquid
detector

Modernization of laboratories for safety compliance

Civil work- construction, augmentation, repair, and maintenance of the surface
laboratory and underground laboratory

Electrical and ACVE work for the surface laboratory

Electrical and ACVE repair and maintenance work for underground laboratory
Electrical work- establishing network communication between undergrounded
surface laboratories
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Mining / excavation and related civil work for bigger underground laboratory(/ies)
Mechanical work involving machining and fabrication of detector housings, etc.
National and international collaboration

Operational cost for PICO and RD51 collaborations

Research in Groups A & D

This basic and applied research project has two major research activities to begin with,
namely, (a) integrated cancer research initiative, and (b) synthesis and characterization of
novel materials and devices. The first activity will focus on the alterations in cellular
architecture and metabolic reprogramming, in tandem with the interaction of tumours with
their microenvironment, which might determine the fate of cancer cells. The second activity
aims to develop and study the energy efficient functional materials and devices (EEFMD)
and to understand the structures and properties of controlled low dimensional (LD) systems
with emphasis on the nanostructuring, ordering and surface interface tuning (NOSIT) of
energy harvesting materials (EHMs). In future we would like to be in the forefront of
Biophysics and Smart Materials.

Scope of the Project

Universal Point Accumulation for Imaging in Nanoscale Topography (UPAINT)
Upgradation, augmentation, repair & replacement of existing experimental
laboratories/facilities such as Nanocluster deposition system, CL, ICP systems
SQUID-PPMS, XPS-UPS, UHV-SPM, VXRD, ARPES, LEEM-PEEM, MOVPE, TEM,
18kVA XRD, PLD, UHV sputterdeposition set-up, SEM, sample preparation lab,
furnace lab, PAC, NMR,FMR, cryogen free magnet systems and other existing
facilities

Infrastructure development of the laboratories and procurement of biophysical
equipments for the labs

Variable temperature setup to be placed at the diffractometer in Indus-II beamline
Smaller equipments like Flux Analyzer, Liquid handling, etc

EPR Spectrometer with accessories

Smaller equipments like Microfluidic cell culture, etc

Thermal analysis facility, Thermoelectric characterization facility, AFM-MFM- PFM
and SEM attachments. Procurement of low temperature magnetometer with SQUID
sensor & 3 axis magnet system.Inelastic light scattering & micro- luminescence
facility, e-beam evaporator system, atomic layer deposition system, ion milling
Procurement of SAXS/GISAXS/WAXS system and SEM/EDX/EBSD system
Procurement of computer cluster

Procurement of Solar Simulator, Device Property measurement setup, Rotational
Rheometer, Hall effect measurement setup, TGA, FTIR/UV-Vis, etc

Procurement of two-dimensional array detector to be attached at the diffractometer
in Indus-II beamline

Q ESI-MS

Smaller equipments like CD Spectrometer, FPLC etc

Consumables: Chemicals, Pure Metals, Sputtering Targets, Substrates, Crucibles,
Silver paste, Photo-resist, Electro-resist, Nano-pore template, Softwares, Gases,
Fuels, Kits, Assays, glasswares, plasticwares, labwares, tools, Electronic Instruments
and components, and others

Animal House: Chemicals, Food, Maintenance charges, small equipments (<5 lakhs)
and others, Other capital exp: Small Equipments (<20 lakhs), Spares, Software, lab
infrastructure development cost Fume hood, Glove Box, and others
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Infrastructure Developments (ID)

The primary aim of the project is to develop, upgrade and maintain the central facilities of
the Institute that are open for use to all students and staff members of SINP. The central
facilities consist of several activities of the Institute, such as training of personnel, outreach
programs, research, workshop, fire-fighting& safety, civil & electrical works, repairing and
upgrading sites, central computing facility, network infrastructure, etc. The full project will
be implemented through various sections and facilities of the Institute. The project will
provide support to the HRD component of the Institute.

Scope of the Project
* Outreach programs
* Re-modelling of Library and M N Saha Archive
* Campus e-Surveillance (CCTV)
* Procurement of Safety equipment (Radiation, Fire, Chemical and others)
* Renovation & Installation of Fire-fighting pipe line above the ground
* Construction of new campus in Belgachia
* Installation and Distribution of transformer system
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Audited Statements of Accounts
2021-22
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SAHA INSTITUTE OF NUCLEAR PHYSICS

AUDITED STATEMENT OF ACCOUNTS
2021-22

ooooooooooooooo
NEW INDIA@75

SATATEY BT ST EIES

Sector - 1, Block - AF, Bidhannagar
Kolkata 700 064
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2, Ganesh Chandra Avenue

CHARTERED ACCOUNTANTS 1st Floor, Room No. 9
Kolkata - 700 013

N, €. @W & Co "COMMERCE HOUSE"

Date 21.©8.2022-

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS

1. Report of the Financial Statements
We have audited the accompanying financial statements of SAHA INSTITUTE OF NUCLEAR
PHYSICS, which comprises of the Balance Sheet as at March 31, 2022 and the Income & Expenditure
Account and Receipts & Payments Account for the year ended and a Summary of significant accounting
policies and other explanatory information.

2. Management’s Responsibility for the Financial Statements
Management is responsible for the preparation of these financial statements that give a true and fair view
of the financial position, financial performance of the Institute in accordance with the g generally accepted
accounting practices followed in India. This responsibility includes the design, implementation and
maintenance of internal control relevant to the preparation and presentation of the financial statements
that give a true and fair view and are {ree from material misstatements, whether due to fraud or error.

3. Auditor’s Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We conduct
our audit in accordance with the Standard in Auditing issued by the Institute of Chartered Accountants of
India. Those Standards require that we comply with ethical requirements and plan and perform the audit
to obtain reasonable assurance about whether the financial statements are free from material
misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in
the financial statements. The procedures selected depend on the auditor’s judgment. including the
assessment of the risks of material misstatement of the financial statements, whether due to fraud or
error, in making those risk assessments, the auditor considers internal control relevant to the institute’s
preparation and fair representation to the financial statements in order to design audit procedures that are
appropriate in the circumstances. An audit also includes evaluating the appropriateness of accounting
policies used and the reasonableness of the accounting estimates made by the management as well as
evaluating the overall presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis of
our audit opinion.

4. Opinion
a) Depreciation has not been provided on Fixed Assets of Rs. 61.21 Crores (historical
cost)standing in the books of accounts as on 01.04.2002 since the financial year 2002-2003.
Depreciation is only charged and accounted for on additions made of Fixed Assets on and from
the financial year 2002-2003 to the till date. The short charging of depreciation since 2002-2003
on the historical cost as on 01.04.2002.could not be ascertained for want of full details of those
assets. [Refer Note No. 25 (vi )to the Financial Statement.

b Refer Note. 25(ix) to the Fmanual Statement, an amount of Rs. 60.78 Lakh due from BARC
towards INDUS-IT (MKS) Project is considered as "SINP's Contribution’ as approved by 123"
Governing Council meeting held on 21" April 2021 and shown as “Subscription & Contribution’
under Other Administrative Expenses (Schedule 21) in the Financial Statement for the Financial
Year ended 31" March 2022.

Phone : (033) 2213 2200, Mobile : 85850 68838 / 62915 21509, E-mail : nchanerjee02@gmail.com / nch.co@hotmail.com
Branch Office : 54A, Kunj Bihar, Bokaro - 827 013, Jharkhand, Phone : 94357 35758
Branch Office : 502-B, Techno Park-I, Thakur Village, Kandivali East, Mumbai - 400 101, Phone : 98692 79367




Subject to the above observations, in eur opinion and to the best of our information and according to the
explanations given to us, the financial statements give a true and fair view in conformity with the
accounting principles generally accepted in India.

i) In case of the Balance Sheet of the State of affairs of the SAHA INSTITUTE OF NUCLEAR
PHYSICS as at 31* March 2022.

it) In the case of Income & Expenditure Account, of the deficit for the year ended on that date.
iii) In the case of the Receipt & Payments Account, of the transactions during the year ended on that
date.

REPORT ON OTHER LEGAL AND REGULATORY REQUIREMENTS

As required on the above matters, we report that

a) We have sought and obtained all the information and explanation which to the best of our
knowledge and belief were necessary for the purpose of our audit.

b) In our opinion proper books of accounts as required by law have been kept by Institute so far as
appears from our examination of those books.

) The Balance Sheet and the statements of Income and Expenditure dealt with by this report are in

agreement with the books of account.

For N. C. Banerjee & Co.,
Chartered Accountants
FRN JOZOS]L

)
(a}
[{f KOLKATA |9 ﬁ‘m@“‘
&
Place : Kolkata 7 CA. M. C. KODALI
Partner
Date : 29.08.2022 Membership No.- 056514

UDIN:-22056514AQFPDU1746



SAHA INSTITUTE OF NUCLEAR PHYSICS
BALANCE SHEET AS ON 31ST MARCH, 2022

CAPITAL FUND & LIABILITIES Schedule 2021-22 2020-21
CORPUS / CAPITAL FUND 1 70,92,39,807 .45 65,21,05,831.17
RESERVE & SURPLUS 2 - -
EARMARKED FUNDS /ENDOWMENT FUNDS 3 34,58,461.00 39,83,123.00
SECURED LOANS & BORROWINGS 4 - -
UNSECURED LOANS & BORROWINGS 5 - -
DEFFERED CREDIT LIABILITIES 6 - -
CURRENT LIABILITIES AND PROVISIONS 7 5,81,01,98,539.03 5,51,68,28,799.96
TOTAL 6,52,28,96,807.48 6,17,29,17,754.13
ASSETS
FIXED ASSETS
Gross Block 8 4,99,30,07,512.61 4,60,82,41,416.45
Less : Accumulated Depreciation 8 3,32,44,07,963.51 3,16,55,63,659.20
1,66,85,99,549.10 1,44,26,77,757.25
INVESTMENTS- FROM EARMARKED/ ENDOWMENT
FUNDS 9 - -
INVESTMENTS- OTHERS 10 1,60,30,306.00 1,44,32,301.00
CURRENT ASSETS, LOANS & ADVANCES 11 12,97,58,495.15 49,30,74,115.91
EXCESS OF EXPENDITURE OVER INCOME 4,70,85,08,457.23 4,22,27,33,579.97
TOTAL 6,52,28,96,807.48 6,17,29,17,754.13
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES AND
NOTES ON ACCOUNTS 25
The Schedules referred to above form part of these Accounts
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SAHA INSTITUTE OF NUCLEAR PHYSICS

INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR END 31ST MARCH, 2022

INCOME: - Schedule 2021-22 2020-21
Income from Sales/Services 12 1,14,660.00 31,900.00
Grants 13 1,01,64,25,311.77 95,36,53,806.73
Fees / Subscriptions 14 - -
Income from Investments 15 - -
Income from Royalty, Publication 16 - -
Interest Earned 17 - -
Other Income 18 92,95,267.00 1,46,23,837.20
Increase / Decrease in stock of finished goods
and works-in-progress 19 - -
Excess of Expenditure over Income
transferred to Balance Sheet 48,57,74,877 .26 70,45,71,859.82
TOTAL 1,51,16,10,116.03 1,67,28,81,403.75
EXPENDITURE : -
Establishment Expenses 20 1,18,10,77,580.74 1,37,54,75,533.52
Other Administrative Expenses 21 17,16,02,325.03 15,60,50,757.86
Expenditure on Grants, Subsidies 22 - -
Interest/Bank Charges 23 3,068.00 2,031.55
Depreciation 8 15,89,27,142.26 14,13,53,080.82
TOTAL 1,51,16,10,116.03 1,67,28,81,403.75
The Schedules referred to above form part of these Accounts
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule:1 CORPUS/CAPITAL FUND 2021-22 2020-21
Opening Balance (DAE) as on 1st April, 2021 65,21,05,831.17 64,75,49,933.95
Add: Non-Recurring (Plan) Grant utilised
for Capital expenditure 5,48,95,698.78 1,66,236.88
Recurring (Non-Plan) Grant utilised
for Capital expenditure 22,38,277.50 43,89,660.34
5,71,33,976.28 45,55,897.22
70,92,39,807.45 65,21,05,831.17
Balance of Capital Fund (DAE) as at year end 70,92,39,807.45 65,21,05,831.17
Schedule:2 RESERVE AND SURPLUS
Schedule:3 EARMARKED FUNDS
A 1. AP.Patra Memorial Prize Fund 64,571.00 64,571.00
2. New Pension Fund :-
Employees' Subscription 1,61,991.00 1,61,991.00
Employer's Contribution 1,61,991.00 1,61,991.00
Interest received 1,27,942.00 1,27,942.00
5,16,495.00 5,16,495.00
B Revolving Fund for HBA & Other Adv -1,89,42,026.96 -1,63,98,503.96
Transfer from/ (to) Recurring Grant
for HBA Fund -11,11,772.00 -2,00,53,798.96 -25,43,523.00 -1,89,42,026.96
Interest received on HBA & Other Advances 2,29,95,764.96 2,24,08,654.96
29,41,966.00 34,66,628.00
Total 34,58,461.00 39,83,123.00
|Schedule :4 SECURED LOANS & BORROWINGS [
|Schedule:5 UNSECURED LOANS AND BORROWINGS | |
|Schedule:6 DEFERRED CREDIT LIABILITIES [
Schedule:7 CURRENT LIABILITIES & PROVISIONS 2021-22 2020-21
A. Current Liabilities
1 Unspent Grant from on going Projects
BIRAC - Sangram Bagh 19,509.16 19,509.16
CSIR- Consolidated Grant 8,80,005.18 8,80,005.18
CSIR- Avik Basu 2,34,822.00 2,34,822.00
CSIR- Bijoy Kr. Daga 54,221.00 54,221.00




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule:7 Current Liabilities & Provisions (Contd.) 2021-22 2020-21
CSIR- Debabrata Ghose 72,910.00
CSIR- Arindam Biswas 26,202.00 26,202.00
CSIR- Anindita Karmakar
CSIR- Ayan Kumar Patra 40,000.00 40,000.00
CSIR- Arnab Bhattacharyya 20,000.00 20,000.00
CSIR- Farhana Islam 13,334.00
CSIR- K. Chhabita Saha 1,01,729.00 1,01,729.00
CSIR- Kalipada Das 74,522.00 74,522.00
CSIR- Kallor Bera 54,738.00 54,738.00
CSIR- Madhumita Choudhury 38,679.00 38,679.00
CSIR- Meduri C. Kumar 1,41,222.00 1,41,222.00
CSIR- Moin Shaikh 25,210.00 25,210.00
CSIR- Mausumi Mondal 236250.00 2,36,250.00
CSIR- Md. Maudud Ahmed 20,000.00 20,000.00
CSIR- Nabanita Deb 48,243.00 48,243.00
CSIR- Neha Rai 35,245.00 35,245.00
CSIR- Nupur Biswas 32,105.00 32,105.00
CSIR- Partha Sarthi Guin 53,489.00 53,489.00
CSIR- Polash Banerjee 1,98,227.00 1,98,227.00
CSIR- Prithewish Dutta 77,645.00 77,645.00
CSIR- Rabindra Nath Bhowmick 1,01,570.00 1,01,570.00
CSIR- Rahul Banerjee 1,15,299.00 1,15,299.00
CSIR- Ramanuj Banerjee 1,53,558.00 1,53,558.00
CSIR- Samsul Islam 40,000.00
CSIR- Samik Dutta Gupta 62,998.00 62,998.00
CSIR- Samir Nath Mallick 22,701.00 22,701.00
CSIR- Sanchayita Mondal 31,293.00 31,293.00
CSIR- Sanghamitra Raha 4,52,044.22 4,52,044.22
CSIR- Satyaki Chatterjee 7,974.00 7,974.00
CSIR- Sayantani Ghosh 49,175.00 49,175.00
CSIR- Sebabrata Maity 26,261.00 26,261.00
CSIR- Sibnath Roy 46,570.00 46,570.00
CSIR-Smruti Medha Mishra 92.00 19,100.00
CSIR- Sohan Kr. Jha 1,03,132.00 1,03,132.00
CSIR- Sourav Karar 2,01,795.00 2,01,795.00
CSIR- Sourav Sadhukhan 11,366.00 11,366.00
CSIR- Souvik Mondal 66.00 66.00
CSIR- Souvik Dey 10,437.00 10,437.00
CSIR- Sreeja Chakrabarti 69,608.00 69,608.00
CSIR- Subhankar Mandal 9,073.00
CSIR- Sukanya Bhattacharya 1,33,805.00 1,33,805.00
CSIR- Tanmoy Ghosh 20,000.00
CSIR-Tukai Singha 20,000.00
CSIR- Ujjal Kr. Gayen 61,485.00 61,485.00
CSIR- Upala Mukhopadhyay 280.00
CSIR- Vimal Kumar 35.00 35.00
DAE- RRF- Naba Kumar Mondal 3,05,281.00 3,11,017.00
DAE- RRF- Pijushpani Bhattacharjee 1,37,251.00
DAE-RRF-Satyajit Saha 6,19,963.00 7,26,991.00
DBT- Anindita Das 34,095.00 9,095.00
DBT- Amrita Sengupta 73,260.00
DBT- Chandrima Das 15,85,894.00 5,05,548.00
DBT- H. Raghuraman 34,96,875.82 48,89,871.68

Contd.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule:7 Current Liabilities & Provisions (Contd.) 2021-22 2020-21
DBT- Nitaipada Bhattacharya - 3 70,576.00 70,576.00
DBT-Nilanjan Das 92,814.00
DBT- Oishee Chakrabarti 1,69,218.00
DBT- Semanti Ghosh 1,259.00
DBT- Soma Mondal 61,233.00
DBT-Subhendu Roy 15,26,971.00 15,25,594.00
DBT- Subhabrata Majumder 10,74,027.00 8,98,929.00
DBT-NBACD-Chandrima Das 2,85,607.00 4,50,374.00
DRDO- Dulal Senapati 1,18,827.00 700.20
DST- Helium (Andaman) 7,96,836.36 7,96,836.36
DST- Helium (Brainstorming) 7,444.50 7,444.50
DST- Helium (Isotope) 6,83,526.79 6,83,526.79
DST- HENPP (ALICE) 7,90,200.03 7,90,200.03
DST- HENPP- CMS 70,990.74 70,990.74
DST- INSPIRE- Madhurima Pandey 66,658.00
DST- ].C.Bose Fellowship-BKC 2,20,295.42
DST- J.C.Bose Fellow (G. Bhattacharyya) 15,39,626.00
DST- SERB- Abhik Basu 1,934.00 2,14,647.00
DST- SERB- Abhik Basu (2) 90,400.00
DST- SERB- Arti Garg 89,957.00 1,08,222.00
DST- SERB- Arunava Mukherjee 1,47,560.00 11,88,636.00
DST- SERB- A.N.S. Iyenger-3 9,11,664.00 10,37,000.00
DST- SERB- Anwesa Sarkar 3,10,000.00
DST- SERB- Apoorva Bhattacharya 8,25,720.00
DST- SERB- Bibekananda Maji 1,69,402.00 2,35,274.00
DST- SERB- Chandragiri Venkatesh 97,339.00
DST- SERB- Chandrima Das (2) 1,96,888.40 8,97,656.40
DST- SERB- Chandrima Das (3) 57,61,680.00 28,54,092.00
DST- SERB- Debashis Mukhopadhyay 20,05,970.00
DST- SERB- Debasish Banerjee 9,60,025.00
DST- SERB- Debmita Chatterjee 9,853.00 3,94,471.00
DST- SERB- Dipankar Bhattacharya 3,91,754.00
DST- SERB- Haridas Pai 25,697.17 6,37,395.17
DST- SERB- Oishee Chakrabarti 22,89,656.00
DST- SERB- Padmaja Prasad Mishra 18,05,521.00 23,28,476.00
DST- SERB- Pijushpani Bhattacharya 4,83,975.00
DST- SERB- Sangram Bagh 81,180.00 93,191.00
DST- SERB- Sangram Bagh (2) 20,942.54 3,88,608.54
DST- SERB- S. K. Manna 6,452.00 6,452.00
DST- SERB- Srabani Karmakar 2,64,195.00 1,89,363.00
DST- SERB- Subhabrata Majumder 17,62,607.00
DST- SERB- Sudip Mukherjee 3,36,340.00
DST- SERB- Subrata Mondal 73,041.00 73,041.00
EURO- INDIA - GRID 6,66,969.00 6,66,969.00
I-HUB-Chanakya-Sankar De 12,67,560.00
INSA- Bilwagopal Ghosh 19,856.00 19,856.00
INSA- B.K. Chakrabarti 3,41,690.00 1,31,530.00
INSA- M. K. Sanyal 2,32,989.00
INSA- N.K. Mondal 89,837.00 1,00,000.00
SINP-BARC 51,773.00 51,773.00
UGC- Abhishek Sau 1,444.00 1,444.00
UGC- Benazir Alam 13,673.00 13,673.00
UGC- Debdatta Mookherjee 8,869.00
UGC - Jay Chandran 15,386.00 15,386.00
UGC- Swadesh Mondal 96,158.00 96,158.00
Publication Grant for Works of Meghnad Saha 3,00,000.00 3,00,000.00
Stitchtung Fund Research Grant 16,90,724.00 16,90,724.00

3,87,46,367.91 3,28,12,035.39




SAHA INSTITUTE OF NUCLEAR PHYSICS

2 OTHER CURRENT LIABILITIES 2021-22 2020-21
Deposit Against House Allotment
Deposit for Earnest Money 17,70,825.00 14,66,909.00
Deposit for Security Money 91,34,266.00 45,91,922.00
Income Tax deducted at source 58,82,084.00 78,02,219.00
Professional Tax 57,557.00 1,24,117.00
CGST, SGST, IGST 2,80,572.00
GPF Subscription 13,80,656.00 20,14,787.00
VPF Subscription 23,71,540.00 27,02,050.00
P.F. Loan Recovery 3,65,018.00 4,54,421.00
Donation to PM CARE FUND 8,753.00 22,996.00
SINP Co-Operative Dues Recovery 22,50,505.00 25,32,550.00
SINPEU Members' Subscription 48,900.00 " 48,900.00
Life Insurance Premium 5,23,200.50 5,42,069.30
House Building Loan( Banks) 45,135.00 48,871.00
Recurring Grant (Salary) carried over 18,88,507.06 92,31,349.80
Recurring Grant (General) carried over 29,64,494.39 1,85,68,977.72
Non - Recurring Grant carried over 2,85,55,123.27 4,60,74,152.65
Unclaimed Medical Expenses 8,143.00 8,143.00
GSLIS Premium Recovery 22,440.00 24,440.00
GSLIS Maturity Claim 1,30,400.00 8,925.00
Salary Payable 2,61,39,459.90 3,05,40,131.10
Pension Payable 2,04,81,288.00 1,78,53,419.00
Misc. Recovery 9,31,274.00 4,49,162.00
Employee's Subs. to New Pension Fund Trust 10,18,062.00 11,81,677.00
Employer's Subs. to New Pension Fund Trust 15,48,112.00 12,92,938.00
Interest on Margin Money 81,84,069.00 81,31,855.00
Interest on STD 4,56,780.00
11,64,47,164.12 15,57,16,981.57
B. PROVISIONS 2021-22 2020-21

Provision for Electricity Charges 35,49,767.00 48,71,514.00
Provision for Audit Fees 30,000.00 20,000.00
Provision for Accrued Gratuity 25,82,55,700.00 24,96,10,122.00
Provision for Accrued Leave Encashment 23,16,63,937.00 21,51,01,692.00
Provision for Accrued Pension 5,16,15,05,603.00 4,85,86,96,455.00

5,65,50,05,007.00 5,32,82,99,783.00
TOTAL 5,81,01,98,539.03 5,51,68,28,799.96
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SAHA INSTITUTE OF NUCLEAR PHYSICS

2021-22 2020-21
Schedule:9 Investments-from earmarked /
endowment funds
Schedule: 10 Investments- Others
Short Term deposits with Scheduled Banks:-
A.P. Patra Prize Fund Investment - -
Stitchtung Fund Research Grant - -
Short Term Deposits 1,60,30,306.00 1,44,32,301.00
1,60,30,306.00 1,44,32,301.00
Schedule:11 Current Assets, Loans & Advances
A. Current Assets
Cash balance in hand - -
Bank balances on Current Account
with Scheduled Banks 6,60,61,363.72 8,25,76,819.52
Interest Receivable (Sponsored Project) 1,07,623.00 -
6,61,68,986.72 8,25,76,819.52
B. Loans, Advances & Other Current Assets
1 Loans Interest bearing Loan to Staff :-
House Building Advances 22,32,299.00 28,12,901.00
Motor Car Advance 95,185.00 1,04,845.00
Motor Cycle/Scooter Advance 868.00 14,742.00
Computer Advance 5,02,947.00 4,23,473.00
28,31,299.00 33,55,961.00
2 Advances & Other Amounts Recoverable
in cash or in kind or for value to be received
a) Deposits
Deposit for Gas Cylinders 16,30,026.05 16,50,026.05
Deposit with Calcutta Telephones 82,000.00 82,000.00
Deposit with CESC (Belgachia) 1,37,969.00 1,37,969.00
Deposit with CESC (KMDA ) 6,84,000.00 6,84,000.00
Deposit with DAVP, Govt of India 2,431.80 2,431.80
Deposit with Salt Lake Service Station 16,000.00 16,000.00
Deposit for Custom Duty 99,378.58 99,378.58
Deposit for Margin Money against L/C 3,37,16,726.00 1,24,80,990.00
Deposit with DCSEM - 37,31,81,927.00
Deposit for Electricity with VECC 1,00,00,000.00 1,00,00,000.00
4,63,68,531.43 39,83,34,722.43




SAHA INSTITUTE OF NUCLEAR PHYSICS

2021-22 2020-21
b) Advance to Staff for Expenses:-
Travelling Advance 18,000.00 -
Leave Travel Concession Advance - -
Festival Advance 2,625.00 2,625.00
Medical Advance 16,005.00 16,167.00
Miscellaneous Advance 2,66,785.86 2,36,381.86
Contingency Advance 58,000.00
3,03,415.86 3,13,173.86
) Advances to Others:-
Advance to Suppliers 44,269.00 44,269.00
Advance for CWIP 1,16,96,398.12
1,17,40,667.12 44,269.00
d) Expenditure incurred for Projects and
Recoverable from Sponsors:-
CSIR- AN.S Iyenger 9,997.00 9,997.00
CSIR- Banani Mukhopadhyay 44,082.00 44,082.00
CSIR- Buddhadev Mukherjee 1,830.00 1,830.00
CSIR- Dhruba Gupta 500.00 500.00
CSIR- Kakoli Banerjee 2,96,743.00 2,96,743.00
CSIR- Kamalika Roy 40,528.00 40,528.00
CSIR- Malabika Sen 1,74,200.00 1,74,200.00
CSIR- Pool(Moumita Maity) 2,119.00 2,119.00
CSIR- Partha Saha(1) 59,312.50 59,312.50
CSIR- Puneet Mishra 1,17,594.00 1,17,594.00
CSIR- Rajib Sarkar 11,453.00 11,453.00
CSIR- Sreyasi Dutta 26,431.00 26,431.00
CSIR- Satya Ranjan Halder 71,422.00 71,422.00
CSIR- Suchandra Bandopadhya 500.00 500.00
CSIR- Tanwi Ghosh 11,545.00 11,545.00
DAE- Raja Ramanna Fellowship - 5,850.00
DBT- Oishee Chakrabarti - 2,733.00
DBT-Sampa Biswas 12,997.00 12,997.00
DST- Debi Choudhuri 3 17,244.00 17,244.00
DST- Helium (J&K) 5,43,182.29 5,43,182.29
DST- Helium (ONGC) 30,715.03 30,715.03
DST- ICONSAT-2003(MKS) 6,917.00 6,917.00
DST- Indranil Das 4,18,009.00 4,18,009.00
DST- Partha Saha 1,13,242.00 1,13,242.00
DST- SERB- Amrita Banerjee - 60,760.00
DST- SERB- A.N.S. Iyenger-2 - 36,006.00
DST- SERB- Dhrubojyoti Roy 22,632.00 22,632.00
DST- SERB- Dipankar Bhattacharya 10,396.00
DST- SERB- H.Raghuraman 2,04,947.30 48,755.30
INDUS-II (MKS) - 60,78,181.08
UGC- Consolidated Grant 53,556.90 53,556.90
UGC - D. Mukhopadhyay 43,500.00 43,500.00
UGC- Debdatta Mookherjee - 86,633.00
23,45,595.02 84,49,170.10
GRAND TOTAL // %W" 12,97,58,495.15 49,30,74,115.91
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SAHA INSTITUTE OF NUCLEAR PHYSICS

| 2021-22 2020-21
Schedule:12 Income from Sales/Services
Processing Charges for Liquid Nitrogen 210.00 -
Accommodation Charges Received 1,14,450.00 31,900.00
1,14,660.00 31,900.00
Schedule:13 Grant/Subsidies
i) Revenue Expenditure incurred from :-
Non-Recurring Grant 3,45,93,765.60 64,97,416.55
Recurring Grant-Salaries 84,20,86,323.74 81,43,88,067.52
Recurring Grant-General 13,98,77,975.43 14,80,86,395.66
1,01,65,58,064.77 96,89,71,879.73
Less: Amount received against Deposit with DCSEM. -1,32,753.00 -1,53,18,073.00
1,01,64,25,311.77 95,36,53,806.73
]Schedule :14 Fees/ Subscriptions I [ i
ISchedule :15 Income from Investments | [ l
LSchedule :16 Income from KRoyalty, Publication | I ]
|Schedu1e :17 Interest Earned | | |
Schedule:18 Other Income
Hostel Rent 45,130.00 36,500.00
Standard Licence Fees 6,19,170.00 6,26,234.00
Contr. Medical Benefit Scheme Premium 66,11,095.00 66,15,862.00
Misc Income 53,895.00 46,00,045.20
Income from Projects 19,65,977.00 27,45,196.00
92,95,267.00 1,46,23,837.20
Schedule : 19
Increase / Decrease in stock of finished
goods and works-in-progress
Schedule: 20 Establishment Expenses
Salaries, Allowances, Fellowship, Associateship
and Contribution to CPF & Pension Fund 49,64,04,660.00 52,39,24,504.00
Gratuity 3,38,73,372.00 1,82,24,842.00
Leave Encashment 4,01,57,621.00 5,59,04,700.00
Pension, Family Pension and Ex-gratia
Payment during the year 27,01,91,318.00 23,72,98,724.00
Add : Closing Provision made 5,16,15,05,603.00 4,87,65,49,874.00
543,16,96,921.00 5,11,38,48,598.00
Less : Opening Provision written off 4,85,86,96,455.00 57,30,00,466.00 4,37,95,39,920.00 73,43,08,678.00
Honorarium to Visiting Professor 8,42,716.74 8,98,739.52
Children's Tution Fees 31,32,000.00 34,83,000.00
Leave Travel Concession 6,41,868.00 24,16,264.00
Medical Expenses 2,93,03,554.00 2,94,36,896.00
Staff Uniform & Liveries 0.00 21,000.00
Student Contingency Expenses 26,49,735.00 54,81,122.00
Ph.D. Registration Fees 3,62,353.00 2,37,545.00
Telephone Charges Reimbursement 7,09,235.00 11,38,243.00
= 1,18,10,77,580.74 1,37,54,75,533.52
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| 2021-22 2020-21
Schedule:21 Other Administrative Expenses
Consumables, Stores and Spare Parts 2,38,49,365.42 53,84,698.00
Electricity Charges 3,39,63,869.00 3,32,33,249.00
Repairs & Maintenance 1,78,67,871.00 1,18,96,556.00
Overtime Allowance 18,853.00 15,838.00
Consolidated Pay 29,35,900.00 10,60,173.00
Stipend 0.00 5,600.00
Rent, Rates & Taxes 0.00 1,79,885.00
Vehicle Running, Maint., Insurance & Taxes 4,80,332.00 5,10,737.00
Transport Charges 9,07,181.00 13,71,147.00
Postage, Telephone and Internet Charges 6,30,376.00 12,23,586.00
Printing & Stationery 14,57,051.18 9,54,658.00
Travelling & Conveyance 4,04,748.00 31,84,022.00
Seminar, Conference & Workshop 0.00 2,44,972.00
Subscription & Contribution 61,94,457.08 16,35,978.00
Auditor's Remuneration 51,000.00 41,000.00
Hospitality Expenses 3,35,841.00 4,34,632.00
Legal Charges 83,700.00 0.00
Freight Charges - 0.00
Advertisement & Publicity 9,23,296.00 1,52,766.00
Agency Expenses 4,34,16,595.00 4,59,45,997.00
Misc Expenses 8,54,957.00 7,04,085.00
Software 23,65,833.00 4,80,700.00
Journals 3,48,01,612.30 4,73,47,444 86
Book Binding Charges 2,500.00 560.00
Professional Fees 23,980.00 21,680.00
Accommodation Charges Paid 9,200.00 4,000.00
NPS Uploading Charges 15,954.00 16,794.00
Loss on Sale of Copier Machine 7,853.05 -
17,16,02,325.03 15,60,50,757.86
Schedule:22 Expenditure on Crants, Subsidies
Schedule:23 Interest/Bank Charges
Bank Charges 3,068.00 2,031.55
3,068.00 2,031.55




SAHA INSTITUTE OF NUCLEAR PHYSICS
STATEMENT OF UTILISATION OF GRANT DURING 2021-22

Grant Received from Department of Atomic Energy, Mumbai.

Recurring Non-Recurring
Salaries General Total

Opening Balance of Unspent Grant. 92,31,349.80 1,85,68,977.72 2,78,00,327.52 4,60,74,152.65
Add: Grant received during the year. 84,50,00,000.00| 12,54,00,000.00 97,04,00,000.00| 16,00,00,000.00
Add: Amount received from DAE, DCSEM against deposit. 1,32,753.00
Less: Unspent Grant of PFMS refunded & adjusted. -1,02,56,519.00 -2.40 -1,02,56,521.40 -8,81,62,318.00

Total Grant 84,39,74,830.80| 14,39,68,975.32 98,79,43,806.12| 11,80,44,587.65
Less: Grant Utilised during the year :-

Capital Expenditure:

Fixed Assets 22,38,277.50 22,38,277.50 94,82,574.66

Margin Money Deposit 0.00 3,37,16,726.00

Advance for CWIP 0.00 1,16,96,398.12

Revenue Expenditure:

Expenses 84,86,97,418.74| 13,92,41,927.43 98,79,39,346.17 3,45,85,765.60

Less: Income -66,11,095.00 -27,98,832.00 -94,09,927.00

Current Assets, Loans & Advances:

Misc. Advance 15,404.00 15,404.00 15,000.00

Advance for Contingency -33,000.00 -33,000.00 -25,000.00

TA Advance 0.00 18,000.00

Medical Advance -162.00 -162.00 0.00

Prov for Elec Charges 34,32,638.00 34,32,638.00

Prov for Audit Fees 20,000.00 20,000.00

Sub-total 84,20,86,323.74| 13,98,77,975.43 98,19,64,299.17 3,45,93,765.60

Transfer from HBA & Other Fund -11,11,772.00 -11,11,772.00

Total Utilisation 84,20,86,323.74| 14,10,04,480.93 98,30,90,804.67 8,94,89,464.38
Closing Balance of Unspent Grant 18,88,507.06 29,64,494.39 48,53,001.45 2,85,55,123.27
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

Schedule

: 24 Significant Accounting Policies

ACCOUNTING CONVENTION

The financial Statements are prepared on the basis of historical cost convention
unless otherwise stated and on the accrual method of accounting w.e.f. 1% April,
2002. Provision is made for statutory dues and the rest are recorded on payment

basis

INVENTORY VALUATION

Consumables, Stores, Spare Parts & Stationery etc. are valued at cost and charged
off to the Revenue in the year of purchase.

INVESTMENTS

Investments are carried at cost and cost includes acquisition expenses like
brokerage, transfer stamps, bank charges, etc. Incomes on investments are
accounted on accrual basis.

FIXED ASSETS

4.1 Fixed Assets are stated at cost of acquisition inclusive of inward
freight, insurance, packing and forwarding charges, delivery expenses,
duties, taxes and all other incidental and direct expenses related to
acquisition. In respect of projects involving construction, related pre-
operational expenses form part of the value of the assets capitalized.

4.2  Fixed Assets received by way of non-monetary grants (other than
towards the Capital Fund), were used to capitalize at values stated, by
corresponding credit to capital reserve. However, as per directives given by
administrative ministry all such reserves are now transferred to Capital
Fund.
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

DEPRECIATION

Depreciation on Fixed Assets has been provided on Written Down Value
Method as per rates specified in the Income Tax Act, 1961:

A Land : Nil
Building (Housing) : 5%
C Building (Office & Laboratory) : 10%
D Plant & Machinery : 15%
E Electrical Installation ; 10%
F Computer / Peripherals : 40%
G Office Equipments : 15%
H Vehicles : 15%
I Furniture : 10%
J Books : 15%
K Other Fixed Assets : 15%

Depreciation has been charged for the full year on additions made during the year. No
depreciation is charged on assets which are sold during the year.

Book Value of assets purchased before 01.04.2002 and sold are written off to the Income &
Expenditure Account in the year of sale. Realizations made from sale of scrap are taken as
miscellaneous income in the year of receipt in case of assets purchased before 01.04.2002.

Full depreciation is provided on assets costing Rs. 5,000/= or less. Such provision for
depreciation is charged to Income & Expenditure Account every year since 2002-03 which
has a consequential effect on surplus/deficit of that year.
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

GOVERNMENT GRANTS & SUBSIDIES

Recurring (Non Plan) and Non Recurring (Plan) grants received from Department
of Atomic Energy (DAE), Government of India are treated as follows:

a) The grants are accounted for on realization basis.

b) That portion of Plan and Non Plan Funds utilised for Revenue Expenditure
is taken to Income & Expenditure Account as Income.

c¢) That portion of Plan and Non Plan Funds utilized for Capital Expenditure is
added to as Capital Fund.

d) The balance available under Plan & Non Plan Grants is exhibited as
Unspent Balance carried forward in the Liabilities side of the Balance Sheet
under the head Current Liabilities & Provision.

(e) Amount of Recurring (Non-Plan) and Non-Recurring (Plan) Grant received
from Ministries/Departments/Agencies other than Department of Atomic
Energy, Govt. of India and utilized for Capital and Revenue expenditure
have been treated as expenditure for the specific projects.

FUNDS FOR PROJECTS/SCHEMES:
All grants in respect of Projects/Schemes are accounted on realization basis.

The unspent amount of grants received in respect of the Projects/Schemes is shown
under Current Liabilities in the Balance Sheet under the head ‘Receipts against
ongoing sponsored projects/schemes’ and excess of payments made over the grants
received in respect Projects/Schemes are shown under Current Assets in the
Balance Sheet under the head ‘Payments against ongoing sponsored
projects/schemes’.

FOREIGN CURRENCY TRANSACTIONS

Transactions denominated in Foreign Currency are accounted at the exchange rate
prevailing on the date of the transactions.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

IX. RETIREMENT BENEFITS

Provision for Gratuity and Leave Encashment are made on the basis of actuarial
valuation of accrued liability towards Gratuity, Leave Encashment of existing
employees after deducting opening provision.

Similar provision is also made for Pension of employees covered under Institute’s
old pension scheme on the basis of actuarial valuation of accrued liability towards
pension.

This year it has resulted in significant deficit of expenditure over income as the
closing provision is more than the opening provision.

Schedule : 25 CONTINGENT LIABILITIES AND NOTE ON ACCOUNTS

I. CONTINGENT LIABILITIES

In respect of Letters of Credit opened by Bank on behalf of the Institute
Rs.3,37,16,726/- (Previous year Rs.1,24,80,990/-) for which similar amount has
been kept under Margin Money Deposit Account with the Scheduled Bank .

Contingent liability for court cases filed against Institute pending for decision is not
ascertainable at the moment.

II. CURRENT ASSETS, LOANS AND ADVANCES
In the opinion of the Management, the Current Assets, Loans and Advances have a
value on realization in the ordinary course of business, equal at least to the
aggregate amount shown in the Balance Sheet.

III. TAXATION

In view of there being no taxable income under the Income Tax Act, 1961, no
provision for Income Tax has been considered necessary.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

Iv. FOREIGN CURRENCY TRANSACTIONS
(Amount. in Rs.)
Current year previous year
Value of Imports Calculated on CIF basis
a) Capital Equipments including in-transit 14,97,465.82 36,57,085.30
b) Stores, Spare and Consumables
Including in-transit 8,95,134.76 -

c¢) Journals 2,54,35,824.16 3,89,39,886.86

V. FIXED ASSETS

Fixed Assets have been regrouped on 31% March, 2002 for the purpose of charging
Depreciation. The Fixed Assets are subject to physical verification and updating of
Fixed Assets Register.

VI. DEPRECIATION

Depreciation of Assets has been brought to the Accounts only from 2002-03 as per
the uniform format of accounts in Central Autonomous Bodies recommended by the
Ministry of Finance, Government of India. Depreciation has been provided only
from the additions made during the year from. 1% April 2002. Depreciation for
earlier years shall be provided in subsequent years after completion of Asset
Inventory.

VII. RETIREMENT BENEFITS

Provision for accrued liability towards Gratuity, Leave Encashment and Pension has
been made on actuarial valuation basis.

VIII. REVOLVING FUND FOR HBA & OTHER ADVANCES

Recurring Grant (Plan) received in earlier years from Department of Atomic
Energy, Government of India, towards House Building and other interest bearing
advances and Interest received on House Building and Other Advances are the
corpus of Revolving HBA Fund from which advances are made to the employees
for the purpose of House Building, Motor Car, Personal Computer, Motor
Cycle/Scooter, Bi-cycle and Table Fan purchases. Recoveries made and Interest
received during the year are added to the Revolving HBA Fund. Surplus amount, if
any, are transferred to Recurring Grant for that year.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2022

IX. Consequent to the approval granted by the Governing Council in its 123" Meeting
held on 21 April, 2021, dues of Rs 60.78 lakhs from BARC since 2011, incurred
towards INDUS-I/MKS project, has been recognized on SINP’s contribution
towards RRCAT/SINP beamline, in the accounts of FY 2021-22, and is pending
replenishment from DAE.

X. The excess of expenditure over income has been shown in the Balance Sheet on the
Assets side from F.Y 2016-17. Earlier it has been adjusted against Capital A/c.
The change in policy has been done as it would result in negative Capital A/c due to
the charging of provisions on depreciation and actuarial valuation of retirement
liability.

XI. Corresponding figures for the previous year have been regrouped / rearranged,
wherever necessary.

XII. Schedules 1 to 25 are annexed to and form an integral part of the Balance Sheet as
at 31% March, 2022 and the Income and Expenditure Account for the year ended on
that date.

Signatures to Schedules 1 to 25
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Action Taken Report on Auditor’s Report
On Annual Accounts for 2021-22

Name of the Institute: SAHA INSTIUTE OF NUCLEAR PHYSICS
Sl Auditors’ Comments Action Taken
No.

1. We have audited the accompanying | Noted
financial statements of SAHA INSTITUTE
OF NUCLEAR PHYSICS, which comprises
of the Balance Sheet as at March 31, 2022
and the Income & Expenditure Account and
Receipts & Payments Account for the year
ended, and a Summary of significant
accounting policies and other explanatory
information.

2. Management is responsible for the | Noted
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed in
India. This responsibility includes the
design, implementation and maintenance of
internal control relevant to the preparation
and presentation of the financial statements
that give a true and fair view and are free
from material misstatements, whether due to
fraud or error.

3. Our responsibility is to express an opinion | Noted
on these financial statements based on our
audit. We conduct our audit in accordance
with the Standard in Auditing issued by the
Institute of Chartered Accountants of India.
Those Standards require that we comply
with ethical requirements and plan and
perform the audit to obtain reasonable
assurance about whether the financial
statements are free from  material
misstatement.

An audit involves performing procedures to
obtain audit evidence about the amounts and
disclosures in the financial statements. The
procedures selected depend on the auditor’s
judgement, including the assessment of the
risks of material misstatement of the
financial statements, whether due to fraud or
error, In making those risk assessments, the
auditor considers internal control relevant to
the Institute’s preparation and fair




representation to the financial statements in
order to design audit procedures that are
appropriate in the circumstances. An audit
also includes evaluating the appropriateness
of accounting policies used and the
reasonableness of the accounting estimates
made by the management as well as
evaluating the overall presentation of the
financial statements.

We believe that the audit evidence we have
obtained is sufficient and appropriate to
provide a basis of our audit opinion.

4.(a)

Depreciation has not been provided on Fixed
Assets of Rs. 61.21 Crores (historical cost)
standing in the books of accounts as on
01.04.2002 since the financial vear 2002-
2003. Depreciation is only charged and
accounted for on additions made of Fixed
Assets on and from the financial year 2002-
2003 to the till date. The short charging of
depreciation since 2002-2003 on the
historical cost as on 01.04.2002, could not
be ascertained for want of full details of
those assets.

Depreciation of Assets has been |

brought to the Accounts only from
2002-03 as per the uniform format
of accounts in Central Autonomous
Bodies recommended by the
Ministry of Finance, Government of
India. Depreciation has been
provided only from the additions
made during the year from. 1" April
2002.  Depreciation for ecarlier
vears shall be provided in
subsequent vears after completion
of Asset Inventory.

(b)

Refer Note. 25(ix) to the Financial
Statement, an amount of Rs. 60.78 Lakh due
from BARC towards INDUS-II (MKS)
Project is  considered as  ‘SINP’s
Contribution’ as approved by 123"
Governing Council meeting held on 21%
April 2021 and shown as ‘Subscription &
Contribution’ under Other Administrative
Expenses (Schedule 21) in the Financial
Statement for the Financial Year ended 31%
March 2022.

The amount of Rs 60.78 lakhs
consequent to Governing Council’s
approval as mentioned has been
sought as Grant from DAE.

Subject to the above observations in our
opinion and to the best of our information
and according to the explanations given to
us, the financial statements give a true and
fair view in conformity with the accounting
principles generally accepted in India.

1) In case of the Balance Sheet of the State
of affairs of the SAHA INSTITUTE OF
NUCLEAR PHYSICS as at 31st March,
2022.

i) In the case of Income & Expenditure
Account, of the deficit for the year ended on
that date.

Noted




iii) In the case of the Receipt & Payments
Account, of the transactions during the year
ended on that date.

REPORT ON OTHER LEGAL AND
REGULATORY REQUIREMENTS:-

(2)

We have sought and obtained all the
information and explanation which to the
best of our knowledge and belief were
necessary for the purpose of our audit.

Noted

(b)

In our opinion proper books of accounts as
required by law have been kept by Institute
so far as appears from our examination of
those books.

Noted

(c)

The Balance Sheet and the statements of
Income and Expenditure dealt with by this
report are in agreement with the books of
account.

Noted




"COMMERCE HOUSE"

2, Ganesh Chandra Avenue
1st Floor, Room No. 9
Kolkata - 700 013

Date 27:©8.2w22

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS
PENSION ACCOUNT

1. Report of the Financial Statements
We have audited the attached Receipts and Payments account of SAHA INSTITUTE OF NUCLEAR
PHYSICS PENSION ACCOUNT as at March 31, 2022.

2. Management’s Responsibility for the Financial Statements
Management is responsible for the preparation of these financial statements that give a true and fair view of the
financial position, financial performance of the Institute in accordance with the generally accepted accounting
practices followed in India. This responsibility includes the design, implementation and maintenance of
internal control relevant to the preparation and presentation of the financial statements that give a true and fair
view and are free from material misstatements, whether due to fraud or error.

3. Auditor’s Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. We conduct our
audit in accordance with the Standard in Auditing issued by the Institute of Chartered Accountants of India.
Those Standards require that we comply with ethical requirements and plan and perform the audit to obtain
reasonable assurance about whether the financial statements are free from material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the
financial statements. The procedures selected depend on the auditor’s judgment, including the assessment of
the risks of material misstatement of the financial statements, whether due to fraud or error, in making those
risk assessments, the auditor considers internal control relevant to the institute’s preparation and [fair
representation to the financial statements in order to design audit procedures that are appropriate in the
circumstances. An audit also includes evaluating the appropriateness of accounting policies used and the
reasonableness of the accounting estimates made by the management as well as evaluating the overall
presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis of our
audit opinion.

4. Opinion
In our opinion and to the best of our information and according to the explanations given to us, the financial
statements give a true and fair view in conformity with the accounting principles generally accepted in India.

In the case of Receipts and Payments Account of the transactions for the year ended on that date.

For N. C. Banerjee & Co.,
Chartered Accountants
FRN 302081E

Perlos

CAM. C. KODALI
Partner
Membership No.-056514
UDIN:-22056514AQFPDU1746

Place : Kolkata

Date : 29.08.2022

Phone : (033) 2213 2200, Mobile : 85850 68838 / 62915 21509, E-mail : nchbanerjee02@gmail.com / ncb.co@hotmail.com
Branch Office : 54A, Kunj Bihar, Bokaro - 827 013, Jharkhand, Phone : 94357 35758
Branch Office : 502-B, Techno Park-1, Thakur Village, Kandivali East, Mumbai - 400 101, Phone : 98692 79367
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Action Taken Report on Auditor’s Report
On Pension Account 2021-22

| SL. Auditors’ Comments Action Taken
No.

1. | We have audited the attached Receipts and | Noted
Payments account of SAHA INSTITUTE OF
NUCLEAR PHYSICS PENSION
ACCOUNT as at March 31, 2022.

2. | Management is responsible for the | Noted
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed in
India. This responsibility includes the design,
implementation and maintenance of internal
control relevant to the preparation and
presentation of the financial statements that
give a true and fair view and are free from
material misstatements, whether due to fraud
Or error.

3. | Our responsibility is to express an opinion on | Noted
these financial statements based on our audit.
We conduct our audit in accordance with the
Standard in Auditing issued by the Institute of
Chartered Accountants of India. Those
Standards require that we comply with ethical
requirements and plan and perform the audit
to obtain reasonable assurance about whether
the financial statements are free from material
misstatement.

An audit involves performing procedures to
obtain audit evidence about the amounts and
disclosures in the financial statements. The
procedures selected depend on the auditor’s
judgement, including the assessment of the
risks of material misstatement of the financial
statements, whether due to fraud or error, In
making those risk assessments, the auditor
considers internal control relevant to the
Institute’s preparation and fair representation
to the financial statements in order to design
audit procedures that are appropriate in the
circumstances , An audit also includes
evaluating the appropriateness of accounting
policies used and the reasonableness of the




accounting  estimates made by the
management as well as evaluating the overall
presentation of the financial statements.

We believe that the audit evidence we have
obtained is sufficient and appropriate to
provide a basis of our audit opinion.

In our opinion and to the best of our
information and according to the explanations
given to us, the financial statements give a
true and fair view in conformity with the
accounting principles generally accepted in
India.

In the case of Receipts and Payments
Account of the transactions for the year ended
on that date.

Noted




"COMMERCE HOUSE"

e/‘/. @. QW g' %0/- 2, Ganesh Chandra Avenue
1st Floor, Room No. 9
CHARTERED ACCOUNTANTS Kolkata - 700 013

Date 29.:.©8.2922_

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS
PROVIDENT FUND ACCOUNT

1. Report of the Financial Statements
We have audited the attached Receipts and Payments account of SAHA INSTITUTE OF NUCLEAR
PHYSICS PROVIDENT FUND,which comprise the Balance Sheet as at March 31, 2022 and the Revenue
Account for the year ended, and a summary of significant accounting policies and other explanatory
information.

2. Management’s Responsibility for the Financial Statements
Management is responsible for the preparation of these financial statements that give a true and fair view of the
financial position, financial performance of the Institute in accordance with the generally accepted accounting
practices followed in India. This responsibility includes the design, implementation and maintenance of
internal control relevant to the preparation and presentation of the financial statements that give a true and fair
view and are free from material misstatements, whether due to fraud or error.

3. Auditor’s Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. We conduct our
audit in accordance with the Standard in Auditing issued by the Institute of Chartered Accountants of India.
Those Standards require that we comply with ethical requirements and plan and perform the audit to obtain
reasonable assurance about whether the financial statements are free from material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the
financial statements. The procedures selected depend on the auditor’s judgment, including the assessment of
the risks of material misstatement of the financial statements, whether due to fraud or error, in making those
risk assessments, the auditor considers internal control relevant to the institute’s preparation and fair
representation to the financial statements in order to design audit procedures that are appropriate in the
circumstances. An audit also includes evaluating the appropriateness of accounting policies used and the
reasonableness of the accounting estimates made by the management as well as evaluating the overall
presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis of our
audit opinion.

4. Opinion
In our opinion and to the best of our information and according to the explanations given to us, the financial
statements give a true and fair view in conformity with the accounting principles generally accepted in India.

a) Inthe case of Balance Sheet, of the state of affairs of the fund as at 31 March, 2022.

b) Inthe case of Revenue account, of the surplus for the year ended on that date.

For N. C. Banerjee & Co.,
Chartered Accountants

F 302081E
oclals

CA M. C. KODALI

Partner
Membership No.- 056514
UDIN:22056514AQFQIHS177

Place : Kolkata

Date : 29.08.2022

Phone : (033) 2213 2200, Mobile : 85850 68838 / 62915 21509, E-mail : ncbanerjee02@gmail.com / ncb.co@hotmail.com .
Branch Office : 54A, Kunj Bihar, Bokaro - 827 013, Jharkhand, Phone : 94357 35758
Branch Office : 502-B, Techno Park-I, Thakur Village, Kandivali East, Mumbai - 400 101, Phone : 98692 79367
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SAHA INSTITUTE OF NUCLEAR PHYSICS PROVIDENT FUND
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ACCOUNTING POLICIES & NOTES TO ACCOUNTS

1. SIGNIFICANT ACCOUNTING POLICIES:
(a) Accounting Convention:

The accompanying financial statements have been prepared in accordance
with the historical cost convention.

(b) Investments:
Investment are valued at cost.

2. Members’ Accounts Balance is Rs. 45,93,36,706.00

3. Previous year’s figures have been regrouped and / or rearranged wherever
necessary.

]
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(Gautam Bhattacharyya) (M.S. Janaki) (Amarty*a Basu)
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Action Taken Report on Auditor’s Report
On Provident Fund Account 2021-22

Sl Auditors’ Comments Action Taken
No.

1. | We have audited the attached Balance Sheet | Noted
as at March 31, 2022, and the Revenue
Account for the year ended of SAHA
INSTITUTE OF NUCLEAR PHYSICS
PROVIDENT FUND, and a summary of
significant accounting policies and other
explanatory information.

2. | Management is responsible for the | Noted
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed in
India. This responsibility includes the design,
implementation and maintenance of internal
control relevant to the preparation and
presentation of the financial statements that
give a true and fair view and are free from
material misstatements, whether due to fraud
Or erTor.

3. | Our responsibility is to express an opinion on | Noted
these financial statements based on our audit.
We conduct our audit in accordance with the
Standard in Auditing issued by the Institute of
Chartered Accountants of India. Those
Standards require that we comply with ethical
requirements and plan and perform the audit
to obtain reasonable assurance about whether
the financial statements are free from material
misstatement.

An audit involves performing procedures to
obtain audit evidence about the amounts and
disclosures in the financial statements. The
procedures selected depend on the auditor’s
judgement, including the assessment of the
risks of material misstatement of the financial
statements, whether due to fraud or error, In
making those risk assessments, the auditor
considers internal control relevant to the
Institute’s preparation and fair representation
to the financial statements in order to design
audit procedures that are appropriate in the
circumstances , An audit also includes
evaluating the appropriateness of accounting
policies used and the reasonableness of the




accounting  estimates made by the
management as well as evaluating the overall
presentation of the financial statements.

We believe that the audit evidence we have
obtained is sufficient and appropriate to
provide a basis of our audit opinion.

In our opinion and to the best of our
information and according to the explanations
given to us, the financial statements give a
true and fair view in conformity with the

accounting principles generally accepted in
India.

a) In the case of Balance Sheet, of the state of
affairs of the fund as at 31st March, 2022.

b) In the case of Revenue Account, of the
surplus for the year ended on that date.

Noted




SINP Publications
1st April 2021 to 31st March, 2022

1. Void-Enriched and Highly Strained Porous Au-Ag Nanoalloy as a Bifunctional Electro-
Catalyst in Alkaline Direct Alcohol Fuel Cell, De, SK; Nandy, A; (...); Senapati, D, Jun 28
2021 | May 2021 (Early Access) | ACS APPLIED ENERGY MATERIALS 4 (6) , pp.5367-
5374

2. Atomic-Scale Imaging and Nano-Scale Mapping of Cubic alpha-CsPbl3 Perovskite
Nanocrystals for Inverted Perovskite Solar Cells, Mahato, S; Ghorai, A; (...); Ray, SK, Feb 23
2022 | Feb 2022 (Early Access) | ACS APPLIED MATERIALS & INTERFACES 14 (7),
pp.9711-9723

3. Role of Surface Termination in the Metal-Insulator Transition of V203(0001) Ultrathin
Films, Kundu, AK; Barman, S and Menon, KSR,May 5 2021 | Apr 2021 (Early Access) | ACS
APPLIED MATERIALS & INTERFACES 13 (17), pp.20779-20787

4.  Photothermal Synthesis of Copper Sulfide Nanowires for Direct Lithography of
Chalcogenides on a Chip, Sarma, A; Gutowski, O; (...); Dippel, AC,Mar 25 2022 | ACS
APPLIED NANO MATERIALS 5 (3) , pp.4367-4375

5. Vibronic States and Edge-On Oriented pi-Stacking in Poly(3-alkylthiophene) Thin Films,
Saifuddin, M; Roy, S; (...); Hazra, S,Feb 11 2022 | ACS APPLIED POLYMER
MATERIALS 4 (2), pp.1377-1386

6. Manipulating Edge Current in Hexagonal Boron Nitride via Doping and Friction, Das, B;
Maity, S; (...); Datta, S,Dec 28 2021 | Dec 2021 (Early Access) | ACS NANO 15 (12) ,
pp-20203-20213

7. Synthetic Genetic Reversible Feynman Gate in a Single E. coli Cell and Its Application in
Bacterial to Mammalian Cell Information Transfer, Srivastava, R; Sarkar, K; (...); Bagh, S,Mar
18 2022 | ACS SYNTHETIC BIOLOGY 11 (3), pp.1040-1048

8. Distributed Computing with Engineered Bacteria and Its Application in Solving Chemically
Generated 2 x 2 Maze Problems, Sarkar, K; Chakraborty, S; (...); Bagh, S,0Oct 15 2021 | Sep
2021 (Early Access) | ACS SYNTHETIC BIOLOGY 10 (10), pp.2456-2464

9. Genome wide comparison of Leishmania donovani strains from Indian visceral
leishmaniasis and para-kala-azar dermal leishmaniasis patients, Sarraf, NR; Mukhopadhyay,
S; (...); Saha, P,Nov 2021 | Aug 2021 (Early Access) | ACTA TROPICA 223

10. Spin Pumping and Inverse Spin Hall Effect in Iridium Oxide, Sahoo, B; Roy, K; (...);
Bedanta, S,Sep 2021 | Jun 2021 (Early Access) | ADVANCED QUANTUM
TECHNOLOGIES 4 (9)

Publication List 2021-22 i of xxxi



11. Holographic Description of Noncommutative Schwinger Effect, Chowdhury, UN,Apr 24
2021 | ADVANCES IN HIGH ENERGY PHYSICS 2021

12. Synthetic biology: at the crossroads of genetic engineering and human therapeutics-a
Keystone Symposia report, Cable, J; Leonard, JN; (...); Chen, WCW,Dec 2021 | Nov 2021
(Early Access) | ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 1506 (1) ,
pp.98-117

13.  Facile synthesis of Ce-doped ZnO nanospindles for photocatalytic applications,
Choudhary, S; Bisht, A; (...); Mohapatra, S,Dec 2021 | APPLIED PHYSICS A-MATERIALS
SCIENCE & PROCESSING 127 (12)

14. Facile fabrication of CuO nanosheets for photocatalytic applications, Sahu, K; Satpati, B
and Mohapatra, S,May 2021 | APPLIED PHYSICS A-MATERIALS SCIENCE &
PROCESSING 127 (5)

15. Formation of tungsten carbide by focused ion beam process: A route to high magnetic field
resilient patterned superconducting nanostructures, Chakraborti, H; Joshi, BP; (...); Das Gupta,
K,Mar 28 2022 | APPLIED PHYSICS LETTERS 120 (13)

16. Studies on production of Sc-43,Sc-44,Sc-44m from C-12+Cl-nat reactions up to 64 MeV
projectile energy, Ghosh, K; Choudhury, D and Lahiri, S,Dec 2021 | Oct 2021 (Early Access) |
APPLIED RADIATION AND ISOTOPES 178

17. Separation of As-71,As-72 from alpha particle induced gallium oxide target by solid cation
and anion exchangers, DOWEX-50 and DOWEX-1, Naskar, N and Labhiri, S,0ct 2021 | Jul
2021 (Early Access) | APPLIED RADIATION AND ISOTOPES 176

18. Separation of Po-206 from alpha particle irradiated lead bismuth eutectic target, Naskar,
N and Lahiri, S,Jul 2021 | Apr 2021 (Early Access) | APPLIED RADIATION AND
ISOTOPES 173

19. Direct observation of adsorption and desorption of ds-DNA on graphene oxide and
graphene oxide-gold nanoparticle hybrid material: A kineto-mechanistic investigation, Paul, T;
Mohapatra, P and Mishra, PP,Mar 1 2022 | Dec 2021 (Early Access) | APPLIED SURFACE
SCIENCE 577

20. Optically sensitive isolated silver nano-dots development by broad ion implantation on
nitrogen ion-induced pre-patterned silicon nano-templates, Bhowmick, S; Mukherjee, J; (...);
Karmakar, P,Mar 15 2022 | Dec 2021 (Early Access) | APPLIED SURFACE SCIENCE 578

21. Growth behavior, physical structure, and magnetic properties of iron deposited on Tris(8-
hydroxy quinoline)-aluminum, Mondal, KP; Bera, S; (...); Yamada-Tamakura, Y,Oct 1 2021 |
May 2021 (Early Access) | APPLIED SURFACE SCIENCE 562

22. Search for intermediate-mass black hole binaries in the third observing run of Advanced
LIGO and Advanced Virgo, Abbott, R; Abbott, TD; (...); Zweizig, J,Mar 16 2022 |
ASTRONOMY & ASTROPHYSICS 659
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23. Investigation of the correlation patterns and the Compton dominance variability of Mrk
421 in 2017, Acciari, VA; Ansoldi, S; (...); Bonnoli, G,Nov 29 2021 | ASTRONOMY &
ASTROPHYSICS 655

24. Multiwavelength analysis and modeling of OJ 287 during 2017-2020, Prince, R; Agarwal,
A; (...); Czerny, B,Oct 7 2021 | ASTRONOMY & ASTROPHYSICS 654

25. HESS and MAGIC observations of a sudden cessation of a very-high-energy gamma-ray
flare in PKS 1510-089 in May 2016, Abdalla, H; Adam, R; (...); Weaver, ZR,Apr 7 2021 |
ASTRONOMY & ASTROPHYSICS 648

26. Investigating the Blazar TXS 0506+056 through Sharp Multiwavelength Eyes During
2017-2019, Acciari, VA; Aniello, T; (...); Marchini, A,Mar 1 2022 | ASTROPHYSICAL
JOURNAL 927 (2)

27. Search for Lensing Signatures in the Gravitational-Wave Observations from the First Half
of LIGO-Virgo's Third Observing Run, Abbott, R; Abbott, TD; (...); Zweizig, J,Dec 2021 |
ASTROPHYSICAL JOURNAL 923 (1)

28. Observation of the Gamma-Ray Binary HESS J0632+057 with the HESS, MAGIC, and
VERITAS Telescopes, Adams, CB; Benbow, W; (..); Torres, DF,Dec 2021 |
ASTROPHYSICAL JOURNAL 923 (2)

29. Search for Very High-energy Emission from the Millisecond Pulsar PSR J0218+4232,
Acciari, VA; Ansoldi, S; (...); Parkinson, PMS,Dec 2021 | ASTROPHYSICAL JOURNAL
922 (2)

30. Constraints from LIGO O3 Data on Gravitational-wave Emission Due to R-modes in the
Glitching Pulsar PSR J0537-6910, Abbott, R; Abbott, TD; (...); Guillot, S,Nov 2021 |
ASTROPHYSICAL JOURNAL 922 (1)

31. Searches for Continuous Gravitational Waves from Young Supernova Remnants in the
Early Third Observing Run of Advanced LIGO and Virgo, Abbott, R; Abbott, TD; (...);
Zweizig, J,Nov 2021 | ASTROPHYSICAL JOURNAL 921 (1)

32. Equation-of-state Table with Hyperon and Antikaon for Supernova and Neutron Star
Merger, Malik, T; Banik, S and Bandyopadhyay, D,Apr 2021 | ASTROPHYSICAL
JOURNAL 910 (2)

33. Possible TeV Gamma-Ray Binary Origin of HESS J1828-099, De Sarkar, A; Roy, N; (...);
Wyrowski, F,Mar 1 2022 | ASTROPHYSICAL JOURNAL LETTERS 927 (2)

34. Observation of Gravitational Waves from Two Neutron Star-Black Hole Coalescences,
Abbott, R; Abbott, TD; (...); Zweizig, J,Jul 2021 | ASTROPHYSICAL JOURNAL LETTERS
915 (1)

35. Diving below the Spin-down Limit: Constraints on Gravitational Waves from the Energetic
Young Pulsar PSR J0537-6910, Abbott, R; Abbott, TD; (...); Guillot, S,Jun 2021 |
ASTROPHYSICAL JOURNAL LETTERS 913 (2)
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36. RETREG1/FAM134B mediated autophagosomal degradation of AMFR/GP78 and OPAl-a
dual organellar turnover mechanism, Mookherjee, D; Das, S; (...); Chakrabarti, O,Jul 3 2021 |
AUTOPHAGY 17 (7), pp.1729-1752

37. New insights of falcipain 2 structure from Plasmodium falciparum 3D7 strain,
Chakraborty, S; Alam, B and Biswas, S,Jan 29 2022 | Dec 2021 (Early Access) |
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 590 ,
pp-145-151

38. Effectiveness of dual-detergent strategy using Triton X-100 in membrane protein
purification, Das, A; Bysack, A and Raghuraman, H,Nov 12 2021 | Sep 2021 (Early Access) |
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 578 ,
pp.122-128

39. A nexus of miR-1271, PAX4 and ALK/RYK influences the cytoskeletal architectures in
Alzheimer's Disease and Type 2 Diabetes, Majumder, P; Chanda, K; (...); Mukhopadhyay,
D,Sep 2021 | BIOCHEMICAL JOURNAL 478 (17) , pp.3297-3317

40. Discerning perturbed assembly of lipids in a model membrane in presence of violacein,
Gupta, R; Mitra, S; (...); Ghosh, SK,Sep 1 2021 | May 2021 (Early Access) | BIOCHIMICA
ET BIOPHYSICA ACTA-BIOMEMBRANES 1863 (9)

41. Differentiating Wild and Apiary Honey by Elemental Profiling: a Case Study from
Mangroves of Indian Sundarban, Gaine, T; Tudu, P; (...); Chaudhuri, P,Dec 2021 (Early
Access) | BIOLOGICAL TRACE ELEMENT RESEARCH

42. Mitochondrial protein import as a quality control sensor, Maity, S and Chakrabarti, O,Sep
2021 | May 2021 (Early Access) | BIOLOGY OF THE CELL 113 (9), pp.375-400

43. Insight into the dynamics of RecG on replication fork DNA using smFRET
microspectroscopy, Bandyopadhyay, D and Mishra, P,Feb 11 2022 | BIOPHYSICAL
JOURNAL 121 (3), pp.282A-282A

44. Getting friendly with denaturants: a unique tale of the cytoplasmic domain of the MgtE
magnesium channel, Brahma, R and Raghuraman, H,Feb 11 2022 | BIOPHYSICAL
JOURNAL 121 (3), pp.327A-327A

45. Probing the gating-induced dynamic changes in the 'Mg2+-sensor' of MgtE in membrane
mimetics, Chatterjee, S and Raghuraman, H,Feb 11 2022 | BIOPHYSICAL JOURNAL 121
(3), pp.370A-371A

46. Implications of Enhancer Transcription and eRNAs in Cancer, Adhikary, S; Roy, S; (...);
Das, C, Aug 2021 | CANCER RESEARCH 81 (16) , pp.4174-4182

47. A single layer artificial neural network type architecture with molecular engineered
bacteria for reversible and irreversible computing, Sarkar, K; Bonnerjee, D; (...); Bagh, S,Dec
152021 | Nov 2021 (Early Access) | CHEMICAL SCIENCE 12 (48) , pp.15821-15832
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48. Single Amino-Acid Based Self-Assembled Biomaterials with Potent Antimicrobial Activity,
Misra, S; Mukherjee, S; (...); Nanda, J,Dec 1 2021 | Oct 2021 (Early Access) | CHEMISTRY-
A EUROPEAN JOURNAL 27 (67) , pp.16744-16753

49. An Anti-inflammatory Fe304-Porphyrin Nanohybrid Capable of Apoptosis through
Upregulation of p21 Kinase Inhibitor Having Immunoprotective Properties under Anticancer
PDT Conditions, Sengupta, D; Das, S; (...); Sengupta, M,Jan 19 2022 | Nov 2021 (Early
Access) | CHEMMEDCHEM 17 (2)

50. The science case for LIGO-India, Saleem, M; Rana, J; (...); Bose, S,Jan 20 2022 |
CLASSICAL AND QUANTUM GRAVITY 39 (2)

51. Role of peptidyl-prolyl cis-trans isomerases in infectious diseases and host-pathogen
interactions, Biswas, G and Banerjee, R,Sep 25 2021 | CURRENT SCIENCE 121 (6) ,
pp.758-768

52. Histone and Chromatin Dynamics Facilitating DNA repair, Mohan, C; Das, C and Tyler,
J,Nov 2021 | Aug 2021 (Early Access) | DNA REPAIR 107

53. Search for strongly interacting massive particles generating trackless jets in proton-proton
collisions at root s=13 TeV, Tumasyan, A; Adam, W; (...); Vetens, W,Mar 2022 | EUROPEAN
PHYSICAL JOURNAL C 82 (3)

54. Search for long-lived particles decaying to leptons with large impact parameter in proton-
proton collisions at root s=13 TeV, Tumasyan, A; Adam, W; (...); Vetens, W,Feb 2022 |
EUROPEAN PHYSICAL JOURNAL C 82 (2)

55. Inclusive J/psi production at midrapidity in pp collisions at root s=13 Tev, Acharya, S;
Adamova, D; (...); Zurlo, N,Dec 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (12)

56. Charged-particle multiplicity fluctuations in Pb-Pb collisions at root s(NN)=2.76 TeV,
Acharya, S; Adamova, D; (...); Zurlo, N,Nov 2021 | EUROPEAN PHYSICAL JOURNAL C
81 (11)

57. Combined searches for the production of supersymmetric top quark partners in proton-
proton collisions at root s=13 TeV, Tumasyan, A; Adam, W; (...); Vetens, W,Nov 2021 |
EUROPEAN PHYSICAL JOURNAL C 81 (11)

58. K-S(0)- and (anti-)Lambda-hadron correlations in pp collisions at root s=13 TeV, Acharya,
S; Adamova, D; (...); Zurlo, N,Oct 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (10)

59. Precision luminosity measurement in proton-proton collisions at root S=13 TeV in 2015
and 2016 at CMS, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Sep 2021 | EUROPEAN
PHYSICAL JOURNAL C 81 (9)

60. Measurements of angular distance and momentum ratio distributions in three-jet and Z
plus two-jet final states in pp collisions, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Sep 2021
| EUROPEAN PHYSICAL JOURNAL C 81 (9)
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61. Coherent J/psi and psi ' photoproduction at midrapidity in ultra-peripheral Pb-Pb
collisions at root s(NN)=5.02 TeV, Acharya, S; Adamova, D; (...); Zurlo, N,Aug 2021 |
EUROPEAN PHYSICAL JOURNAL C 81 (8)

62. Energy dependence of phi meson production at forward rapidity in pp collisions at the
LHC, Acharya, S; Adamova, D; (...); Zurlo, N,Aug 2021 | EUROPEAN PHYSICAL
JOURNAL C 81 (8)

63. Search for charged Higgs bosons produced in vector boson fusion processes and decaying
into vector boson pairs in proton-proton collisions at root s=13 TeV, Sirunyan, AM; Tumasyan,
A; (...); Vetens, W,Aug 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (8)

64. Search for a heavy vector resonance decaying to a Z boson and a Higgs boson in proton-
proton collisions at s=13 Te, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Aug 2021 |
EUROPEAN PHYSICAL JOURNAL C 81 (8)

65. Production of pions, kaons, (anti-)protons and phi mesons in Xe-Xe collisions at SNN=5.44
TeV, Acharya, S; Adamova, D; (...); Zurlo, N,Jul 2021 | EUROPEAN PHYSICAL JOURNAL
C81(7)

66. Pseudorapidity distributions of charged particles as a function of mvid- and forward
rapidity multiplicities in pp collisions at root s=5.02, 7 and 13 TeV, Acharya, S; Adamova, D;
(...); Zurlo, N,Jul 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (7)

67. MUSIC: a model-unspecific search for new physics in proton-proton collisions at root
s=13TeV, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Jul 2021 | EUROPEAN PHYSICAL
JOURNAL C 81 (7)

68. Measurements of production cross sections of the Higgs boson in the four-lepton final state
in proton-proton collisions at root s=13 TeV, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Jun
2021 | EUROPEAN PHYSICAL JOURNAL C 81 (6)

69. Measurement of single-diffractive dijet production in proton-proton collisions at root s = 8
TeV with the CMS and TOTEM experiments (vol 80, 1164, 2020), Sirunyan, AM; Tumasyan, A;
(...); Zielinski, K,May 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (5)

70.  Development and validation of HERWIG 7 tunes from CMS underlying-event
measurements, Sirunyan, AM; Tumasyan, A; (...); Vetens, W,Apr 2021 | EUROPEAN
PHYSICAL JOURNAL C 81 (4)

71. Search for dark matter produced in association with avleptonically decaying Z boson in
proton-proton collisions at root s = 13 TeV (vol 81, 13, 2021), Sirunyan, AM; Tumasyan, A;
(...); Woods, N,Apr 2021 | EUROPEAN PHYSICAL JOURNAL C 81 (4)

72. Numerical evaluation of a muon tomography system for imaging defects in concrete
structures, Tripathy, S; Datta, J; (...); Mukhopadhyay, S,Aug 10 2021 | EUROPEAN
PHYSICAL JOURNAL PLUS 136 (8)
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73. Galactic and extragalactic sources of very high energy gamma rays, Bose, D; Chitnis, VR;
(...); Shukla, A,Jan 2022 | Jan 2022 (Early Access) | EUROPEAN PHYSICAL JOURNAL-
SPECIAL TOPICS 231 (1), pp.27-66

74. Ground-based gamma-ray astronomy: history and development of techniques, Bose, D;
Chitnis, VR; (...); Acharya, BS,Jan 2022 | Dec 2021 (Early Access) | EUROPEAN
PHYSICAL JOURNAL-SPECIAL TOPICS 231 (1), pp.3-26

75. Quark-Gluon plasma and heavy-ion phenomenology (vol 230, pg 603, 2021), Mustafa,
MG,Dec 2021 | Jun 2021 (Early Access) | EUROPEAN PHYSICAL JOURNAL-SPECIAL
TOPICS 230 (SUPPL 1), pp.S5-S5

76. Quark-Gluon plasma and heavy-ion phenomenology, Mustafa, MG,Jun 2021 | Jun 2021
(Early Access) | EUROPEAN PHYSICAL JOURNAL-SPECIAL TOPICS 230 (3) , pp.603-
605

77. Nuclear astrophysics in our time: supernovae, neutron stars and binary neutron star
mergers, Bandyopadhyay, D,May 2021 | May 2021 (Early Access) | EUROPEAN
PHYSICAL JOURNAL-SPECIAL TOPICS 230 (2) , pp.491-493

78. Constraining nuclear matter parameters from correlation systematics: a mean-field
perspective, Agrawal, BK; Malik, T; (...); Samaddar, SK,May 2021 | May 2021 (Early Access) |
EUROPEAN PHYSICAL JOURNAL-SPECIAL TOPICS 230 (2), pp.517-542

79. New equation of state involving Bose-Einstein condensate of antikaon for supernova and
neutron star merger simulations, Malik, T; Banik, S and Bandyopadhyay, D,May 2021 | Apr
2021 (Early Access) | EUROPEAN PHYSICAL JOURNAL-SPECIAL TOPICS 230 (2),
pp.561-566

80. TCF19 and p53 regulate transcription of TIGAR and SCOZ2 in HCC for mitochondrial
energy metabolism and stress adaptation, Mondal, P; Gadad, SS; (...); Das, C,Sep 2021 |
FASEB JOURNAL 35 (9)

81. Molecular characterization of substrate-induced ubiquitin transfer by UBR7-PHD finger,
a newly identified histone H2BK120 ubiquitin ligase, Dasgupta, A; Mondal, P; (...); Roy, S,Apr
2022 | Nov 2021 (Early Access) | FEBS JOURNAL 289 (7) , pp.1842-1857

82. Effects of Meditation on Structural Changes of the Brain in Patients With Mild Cognitive
Impairment or Alzheimer's Disease Dementia, Dwivedi, M; Dubey, N; (...); Ghosh, A,Nov 12
2021 | FRONTIERS IN HUMAN NEUROSCIENCE 15

83. Theranostic Terbium Radioisotopes: Challenges in Production for Clinical Application,
Naskar, N and Lahiri, S,May 31 2021 | FRONTIERS IN MEDICINE 8

84. Decoding the Structural Dynamics and Conformational Alternations of DNA Secondary
Structures by Single-Molecule FRET Microspectroscopy, Bandyopadhyay, D and Mishra,
PP,Sep 3 2021 | FRONTIERS IN MOLECULAR BIOSCIENCES 8
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85. Effect of Sterile Neutrino on Low-Energy Processes in Minimal Extended Seesaw With
Delta(96) Symmetry and TM1 Mixing, Gautam, N; Krishnan, R and Das, MK,Aug 16 2021 |
FRONTIERS IN PHYSICS 9

86. Structural and optical properties of PVDF/GO nanocomposites, Panda, M; Sultana, N and
Singh, AK,May 12 2022 | Aug 2021 (Early Access) | FULLERENES NANOTUBES AND
CARBON NANOSTRUCTURES 30 (5), pp.559-570

87.  Organic geochemical and palaeobotanical reconstruction of a late-Holocene
archaeological settlement in coastal eastern India, Das, SK; Gangopadhyay, K; (...); Yoshida,
K,Oct 2021 | Jun 2021 (Early Access) | HOLOCENE 31 (10), pp.1511-1524

88. A qPCR based approach for rapid detection of Turner Syndrome and its variants, Mondal,
S; Saha, C; (...); Mukhopadhyay, S,Sep 2021 | HORMONE RESEARCH IN PAEDIATRICS
94 (SUPPL 1), pp.329-329

89. Comparing Methods for Computing the Electrical Superconducting Property With
Microstructure of Electron Beam Welded High Purity Niobium, Das, K; Mandal, P and Ghosh,
M,Apr 2021 | IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY 31 (3)

90. Recent progress on cluster and meron algorithms for strongly correlated systems,
Banerjee, D, Aug 2021 | Jun 2021 (Early Access) | INDIAN JOURNAL OF PHYSICS 95
(8), pp-1669-1680

91. Non-perturbative chiral gauge theories: an overview of a gauge non-invariant approach,
De, AK,Aug 2021 | Jun 2021 (Early Access) | INDIAN JOURNAL OF PHYSICS 95 (8),
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